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BEST ANSWER 
TO COMMUNITY REFUSE DISPOSAL PROBLEMS 


_ thr ( fh [ne Wa rator t+] ; 


Today, many communities everywhere are confronted the time the refuse is deposited in the self-sealing, non- 
with the problem of refuse disposal. If your area has clogging hopper until the incinerated residue is ready 
such a problem, you should investigate the C-E In to be hauled away only minimum operating attention 
cinerator Stoker is required If desired, a Waste Heat Boiler may be 
om . added at the furnace outlet to provide steam for power 
This equipment is especially designed for the rapid, . I I 
or proce ss 

efficient and continuous processing of the various, 
I You or your consultants are invited to communicate 
mixed refuse, that is typical of most communities. t : a 
with us relative to using the C-E Incinerator Stoker as 
transforms such refuse into a sanitary, odorless residue 


that is ideal for land fill The C-E Incinerator Stoker 


a solution to your refuse disposal problem. Please 
address inquiries to our nearest representative or get 
handles all kinds of combustible refuse in quantities in touch with the Industrial Division at the address 


ranging upward from 50 tons per 24-hour day. From given below. 
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Photomacrograph shows perfect 
bead form of AMBERLITE 200, 


AMBERLITE 200 


Introducing new durability for lon Exchange Resins 


AMBERLITE 200 represents an entirely new concept in 
polymer chemistry. A high capacity, strongly acidic 
cation exchange resin, AMBERLITE 200 has physical 
and chemical stability unmatched by any available 


cation exchange resin. 


These are some of the outstanding features of 
AMBERLITE 200 high resistance to oxidation, 
especially in water containing chlorine, oxygen and 
metals such as iron, copper and manganese; perfect 
bead form, free of cracks and crazes; high attrition 
resistance; stability over the entire pH range; insolu- 


bility in all common solvents. 


In water treatment in either hydrogen or sodium 
cycle operation, the exceptional bead characteristics 
of AMBERLITE 200 make possible more rapid and 
complete bed classification, low losses from mechani- 
cal attrition, and greater freedom from bead fracture 
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saused by thermal and osmotic shock. For example, 
2000 regeneration-exhaustion cycles using saturated 
brine and calcium chloride showed no measurable 
resin breakdown, whereas conventional cation ex- 
change resins showed failure of from 20 to 75 percent. 


Write for full information and samples on this 
radically new AMBERLITE resin. 


AMBERLITE is a trademark, Reg. U.S. Pat. Off. and in principal 


foreign countries. 


Chemicals for Industry 


ide ROHM & HAAS 


COMPANY 


THE RESINOUS PRODUCTS DIVISION 
Washington Square, Philadelphia 5, Pa. 
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melenne LEVEI 
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any way you look at it... 


YARWAY REMOTE LIQUID LEVEL INDICATOR 
GIVES BRIGHT, INSTANT, ACCURATE READINGS 


Qn its brilliant “wide vision” dial you can clearly read For details on construction, operation, installation 
the level from any point in a 180° arc—and from a and typical hook-ups, write for Yarway Bulletin RI-1825. 


considerable distance. 


YARNALL-WARING COMPANY 
Remote readings of levels in boilers, feed water 100 Mermaid Ave., Philadelphia 18, Pa. 
heaters and other heat exchangers are instant and accu- 
rate because indicator operating mechanism is actuated 
by the varying head of the liquid itself, yet the pointer 
mechanism is never under pressure. 


Yarway Indicators may be arranged to operate re- i 7N 
~ * 
mote Yarway Electronic Secondary Indicators or remote 


Hi-Lo Alarm Signals (lights or horns) located any- 
where in the plant. 


BRANCH OFFICES IN PRINCIPAL CITIES 


: A MARK OF QUALITY 
A record of nearly 13,000 successful installations IN'STEAM ENGINEERING 


speaks for itself. 
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Proved 10,000 times the world over 


PRESSURE SEAL 


Fig. 11365—Steel pressure seal 
horizontal lift check valve for 
1500 pounds. Piston guided disc. 


Fig. 16031—New, steel pressure - 4 cf 


seal “Y"’ globe valve for 600 pounds Fig. 19003—Steel pressure seal 
i gate valve for 900' pounds 
~- 


>a 


Powell... world’s largest family of valves 


More than 10,000 Powell Steel Pressure Seal Valves are valves, with exclusive features of design and construction, 
now in use all over the world—indisputable evidence they are available in gate, globe, angle, check patterns for 600 
are meeting the challenge of modern industry to control to 2500 W.P. and special working pressures. Many are in 
constantly higher pressures at elevated temperatures. stock for quick delivery. Contact your nearby Powell 


These quality, precision-built, precision tested, leak-proof distributor—or write directly to us. 


THE WM. POWELL COMPANY ¢ DEPENDABLE VALVES SINCE 1846 ¢ CINCINNATI 22, OHIO 
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Descale boilers, heat exchangers, 
condensers rapidly, thoroughly 
with safer dry acid cleaners 
based on Du Pont Sulfamic Acid 


SAFER TO HANDLE. Just pour dry acid cleaner based on 
Du Pont Sulfamic Acid from easy-to-handle, fiber drum 
into make-up tank. No danger from broken bottles, liquid 
spillage or corrosive fumes with these dry powders. 


CORROSION OF TYPICAL BOILER STEEL 
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= ___ Inhibited hydrochloric (5% HCl, by weight) 
Inhibited Sulfamic Acid (7% by weight) 








LESS CORROSIVE. Sulfamic cleaners 
strength of hydrochloric acid, yet are far less corrosive 


Excellent inhibitor stability allows their use at higher tem- 


peratures for faster scale removal. 


Ask your supplier for safer, effective cleaners 
based on Du Pont Sulfamic Acid, or mail 
coupon for additional information and names 
of formulators who offer these compounds. 


REG. U.S. PaT. OFF. 


BETTER THINGS FOR BETTER LIVING .. THROUGH CHEMISTRY 
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EASIER TO USE. Simply pump cleaning solution from 
make-up tank into boiler. Often dry acid cleaners can be 
added directly to equipment being cleaned. No elaborate 
equipment or specially trained labor needed. 


we 
2 a 
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NON-FUMING. Sulfamic cleaners produce ne corrosive 
fumes, either dry or in solution. Corrosion in vapor spaces 
of equipment during cleaning operation is eliminated, along 


with fume nuisance to personnel. 


na oe roe! 
a. | Po ae) 

Bi Aes *. I. du Pont de Nemours & Co. (Ine.) 

— Industrial & Biochemicals Dept., N-2533C 

Wilmington 98, Delaware 

Please send me [_] sulfamic acid general equipment cleaning 
bulletin; [] names of formulators offering cleaners based on 
sulfamic acid, 


Vame 





Company 


{ddress 








State 








Copes-Vulcan reducing and desuperheating 
station takes load swings at Barrett Plant 


superheater and a heavy service, piston-type valve, this 
station has provided trouble-free operation since its 
installation two years ago. 

Besides the Carburetor-Type, Copes-Vulcan offers 
two other types of desuperheaters. 


Long Island Lighting Company uses a Copes-Vulcan 
desuperheating and pressure reducing station at their 
Edward F. Barrett Station. Steam is delivered to the 
reducing and desuperheating station at 2015 psig and 
1005 F. Specifications require the station to condition 
flows of 500 to 25,000 pounds per hour down to 165 
psig and 385-400 F. Maximum flow is 1000 pounds per 
hour in spring and fall, 3,000 pounds in winter. 

During the evening hours in the winter, the generating 
unit comes down to half load or less, requiring the 
PR&D station to feed pre-heater steam coils. When 
the steam coils are supplied from the PR&D station 
the load swings from 3,000 to 17,000 pounds per hour 
in 30 seconds. 

Made up of a Copes-Vulcan Carburetor-Type De- 


Steam-Assist Desuperheater has negligible perma- 
nent pressure loss on loads of 15% to 100% of 
maximum. This in-line desuperheater normally uses 
assisting steam only on light loads where control is 
most difficult. Write for Bulletin 1024-A. 

Variable-Orifice Desuperheater holds reduced steam 
temperatures constant less than 20 feet downstream 
from desuperheater outlet over a 50-to-1 load range. 
Write for Bulletin 1037. 


Copes- Vulcan Division 


BLAVWV-KNOX 
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Above—3,000 TO 17,000 POUNDS PER HOUR IN 30 
SECONDS... That's the load swing handled by the Copes- 
Vulcan pressure reducing and desuperheating station during 
winter nights when steam coils are put into service. 


Upper left—CARBURETOR-TYPE DESUPERHEATER 
USED AT BARRETT STATION. Superheated steam is di- 
rected to pass the spray nozzle, which injects cooling water 
into the steam before it enters the mixing chamber. The flow 
of cooling-water is controlled at the spray nozzle to main- 
tain a pressure drop across the nozzle at all flows. Cooling- 
water spray entering the mixing chamber is instantly evap- 
orated, thus lowering the steam temperature to that desired. 
Final temperature may be held within plus-or-minus 5°F, 

Available in standard 2” through 12” sizes, in 150- 
through 600-pound pressure standards for cast steel. Larger 
sizes and higher pressure standards are available on spe- 
cial application. Write for Bulletin 1056. 
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C-V NEWS NOTES 


BARRETT STATION CON- 
TROLS SOOT BLOWING on Unit 
1 with a Vulcan Automatic- 
Sequential System. Vulcan Auto- 
matic-Sequential Control Systems 
can use steom, air, or a com- 
bination of both as the blowing 
medium. 

Without leaving the panel, the 
operator can pre-select any num- 
ber of units to be operated 
through automatic sequence, or 
individually . . . may reverse any 
soot blower at any point in its 
operating cycle . . . or switch from 

ft ti tial to single- 








unit operation, 

For details on Vulcan's complete 
line of ti blowing 
stations, write for Bulletin 1029. 
(Panel shown gives automatic- 
sequential control for up to 60 
soot blowers.) 





PISTON-TYPE VALVES 
FOR PRECISION CONTROL 
of pressure, temperature, and liquid 
level. Piston actuation develops high 
forces to deal with static and dynamic 
unbalances, and with stuffing box fric- 
tion. These valves meet rigid require- 
ments for unusually high operating force 
and accurate positioning. 
Copes-Vulcan also buiids diaphragm- 
type CV-D Valves which may be direct- 
or reverse-acting. They offer excellent 
rangeability, and can be profitably 
applied to many jobs. 

Both types available for pres- 
sure standards from 125 through 
2500 pounds. Each valve is tai- 
lored to its job. For details, write 
for Bulletin 1027. 





Sectional plan viewthrough 
tangentially fired furnace 
showing impinging action 
of fuel streams from the 
burners which results in 
extreme turbulence and 
thorough mixing of fuel 
and air. 





Looking up into the furnace of a C-E Controlled Circula- 
tion Boiler. One of its four Tilting, Tangential Burners is 
being moved into position. The burner and its adjacent 
water wall tubes are shop assembled into a single panel 
and handled as one piece. All four corners of the furnace 
are similarly equipped. Tangential burners may be ar- 
ranged to burn coal, oil or gas separately or in combination. 
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best for big boilers 


Tangential firing — an exclusive C-E 
development—was introduced by Combus- 


in the late thirties. Among the many proven 
advantages of the C-E Tilting, Tangential 


Burner, those enumerated below are espe- 
cially noteworthy — whether the fuel be 
coal, oil or gas, or combinations thereof. 


tion in 1927. The tilting feature of the 
burner nozzles, for control of superheat 
temperatures, was added to the basic design 


1. The extreme turbulence created by impinging flame streams of adjacent burners 
assures the most effective mixing of all the air with all of the fuel to produce 
the most rapid and complete combustion. Minimum carbon loss is assured. 


2. The swirling rotating travel of combustion gases fills the furnace cross-section 
and utilizes the heat absorbing wall surfaces most effectively. 


If steam temperature goes too high, the C-E Tilting Tangential Burner nozzles 
automatically tilt downward. More furnace wall surface becomes effective. Gas 
temperature to superheat surface is lowered. Steam temperature comes down. 


- Conversely, if steam temperature drops below that efficient for the turbine, 


nozzles tilt upward, sending hotter gases to the superheater. Steam temperature 
goes up — automatically. 


About 650 tangentially fired C-E Boilers with an aggregate capacity of about 
400-million pounds of steam per hour are now in service; another 85 units are 
under construction or on order. In 1959 alone 31 new C-E Boilers with an aggre- 
gate capacity of over 5-million kilowatts were put in operation in electric utility 
plants. All of these units are tangentially fired. 


similar success in smaller oil and gas fired 
units for capacities as low as 70,000 Ibs. of 


Thus, tangential firing has established 
itself in service over a period of many years 
as the most widely accepted method of fir- 
ing for big boilers. More recently it has met 


ENGINEERING 


New York 16, N. Y. 


steam per hour. Catalog PC 8 gives full 
information. May we send you a copy? 


200 Madison Avenue, 
C-263 
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YUBA LICKS BOTH PSI AND°F i 


Exclusive Multilok Closure and 
all-welded construction of 
Yuba Feedwater Heaters meet 
requirements of newer 
generating stations 


Yuba has the products now for the higher pressure 
and temperature ranges planned for the power 
industry’s new steam plants. This is an important 
reason why Yuba Feedwater Heaters are so widely 
specified throughout the industry today. Operating 
in the 4,000 PSI, 1,000 °F range now, Yuba 
Feedwater Heaters, incorporating the exclusive 
Multilok Closure, are suited for all future pressure 
and temperature developments. 

Advanced engineering keeps Yuba ahead... the 
new all-welded construction, for example. Shells are 
welded to channels without flanges, eliminating possible 
leakage that can occur in other construction at high 
pressures and temperatures. For low and intermediate 
pressures, Yuba’s bolted design is applicable. 

When space is important, Yuba can combine 
several heaters—effectively designing two or more 
stages in a single shell. For all your needs, Yuba 
specialists will discuss with you in detail, the 
design, construction and advantages 
of Yuba’s years ahead Feedwater Heaters. 


' 


PANY) aaa 


| 


Other Yuba products 
for steam power plants 
include Condensers, 
Evaporators, 
Expansion Joints, 
Heaters, Tanks, 
Cranes, Structural 
Steel and scores 

of other items. 


specialists in power plant equipment 


YUBA HEAT TRANSFER DIVISION 


4th and Main Streets, Honesdale, Pennsylvania 


YUBA CONSOLIDATED INDUSTRIES, INC. 


Sales Offices in Atlanta * Buffalo * Chicago * Cleveland * Houston * Los Angeles * New York * Philadelphia * Pittsburgh * San Francisco « Seattle 
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SOLVE CONDENSATE 


CONTAMINATION 
with newest, super- 


efficient filter aid 
SOLKA-FLOC 


High steam pressure condensate 
contamination is often a serious and 
trouble-causing problem. Solka-Floc, 
basically different than other filter 
aids, removes up to 100% of con- 
taminators — metallic ions, suspended 
solids, emulsified oil. It provides effec- 


tive and economical filtration. 
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Another Quality Product of 


BROWN [ig COMPANY 


150 Causeway Street, Boston 14, Mass. 


Please send me your Solka-Floc folder. 


COMPANY = 
NAME TITLE — 
ADDRESS _ 
CITY - ZONE_____STATE 
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Engineering Excellence Pays Off In Operating Efficiency 


‘BUFFALO’ CYCLONE COMPRESSOR 


HIGHLY EFFICIENT 


Tailor-made to each job, these cyclone com- 
pressors provide power savings unobtain- 
able with other designs. Exclusive engineer- 
ing features such as generous inlet boxes, 
semi-circular inlet bell and matching wheel 
flange, deep air foil blades, streamlined scroll 
and divergent outlet all contribute to high 


static efficiency and lower noise levels. 


When built, this ‘Buffalo’ Cyclone 
Compressor Air Foil Wheel was the 
largest of its type. ‘Buffalo’ con 
tinues to pioneer mechanical draft 
design to keep pace with boiler re- 
quirements. Call in your ‘Buffalo’ 
Engineering Representative. He has 


the right fan for every job 


TYPICALLY DEPENDABLE 


Designed, engineered and built for years of 
continuous, trouble-free service. Hammered 
forgings, machined all-over, are used in all 
highly stressed areas. "steel plate is used 
in housings and 4” plate in boxes. Engi- 
neered welding is double-checked by X-ray. 
Sleeve type bearings are supplied with cir- 
culating oil system where required. Engi- 
neered sound attenuators are available. 


BUFFALO FORGE COMPANY BUFFALO, NEW YORK 


Buffalo Pumps Division » Buffalo, New York 
Canadian Blower & Forge Co., Ltd., Kitchener, Ontario 


VENTILATING + AIR CLEANING + AIR TEMPERING + INDUCED DRAFT «+ 
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EXHAUSTING « 


FORCED DRAFT + COOLING + HEATING + PRESSURE BLOWING 
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ENRICO FERMI 


Ce 











At the Enrico Fermi Atomic Power Plant, instruments and controls for both 
the “fast neutron breeder” reactor and the steam plant which it will 
“fire” are being furnished by Bailey. 


Many of the new ships such as this super-carrier, USS Ranger, 
operate their boilers by Bailey Meter Control. Cargo ships, 
tankers, and passenger liners as well as Naval ships improve 
the economy and safety of their steam plants thru use of 
Bailey controls. 
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At the Thomas H. Allen Electric Generating Station of the City of Memphis, 
Tenn., Bailey operating indicators and controls for combustion, feed 
water, and steam temperature are centralized on the mechanical bench- 
board directly ahead, while the operating records which reflect trends 
are mounted on the vertical boards. A Bailey METROTYPE Information 
System, center left in the photo, scans, monitors, and logs functions usually 
assigned to strip-chart recorders. 
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for the latest and safest 


instruments and controls for nuclear 
and conventional power plants! 


Many of the power plants of the future will have 
controls and instruments designed and built by 
Bailey. 


research and development toward the latest equip- 


There are two reasons: Bailey’s continuing 


ment for industry’s needs; Bailey’s 40-year 
association with the hardware and economic 


requirements of the industry. 


If you are planning new or improved power plant 
facilities, call on Bailey engineers to assure that 
your system will have the proper balance both as to 


economics and needs . .. that there will not be the 


unnecessary expense of over-instrumentation or con- 
trol . . . nor the duplication of equipment functions. 
Call on Bailey for primary sensing devices, indi- 
cators, loggers, control units, panels, data handling 
equipment, computers for performance analysis, and 
supervisory controls. You'll find designs ranging 
from conventional to the most sophisticated . . . 
mechanical, pneumatic, electric and electronic, 
including solid state. 

There’s a Bailey District Office or Resident Engineer 
close to you. Check your phone book, or write direct. 


Al44-2 


Instruments and controls for power and process 


BAILEY METER COMPANY 


1025 IVANHOE ROAD « 


CLEVELAND 10, OHIO 


in Canada—Bailey Meter Company Limited, Montreal 
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HIGH 
STEADY 
HEAT 


True measure of a high-heat coating’s worth is continuous 
Operation at rated temperature. Yet many so-called “heat- 
resistant” coatings take only occasional peaks —- fail rapidly 
in ‘round-the-clock service. 


Dampney coatings are rated always for day in, day out opera- 
tion at maximum temperatures. Hold them to it, if schedules 
call for steady heat, or let them fluctuate to ambient and back. 
Either way, Dampney silicones and ceramics give you full 
protection — with plenty in reserve. 

Most important, Dampney coatings are selected to meet specific 
conditions of operation, temperature and corrosive environ- 
ment. Thus they establish a lasting foundation easily maintained 
and permanently ending time-consuming and costly surface 
preparation. 


Repeat orders — from a typical customer, 26 in 12 months for 
enough material to protect 1,929,000 square feet of steel — is 


the best evidence we have that when industry wants honest 
high-temperature coatings, it remembers Dampney silicones and 
ceramics, identified by the two trade names, DAMPNEY and 
THUR-MA-LOX. 


We suggest you do likewise when you want real protection — 
resistant to 1000°F., to atmospheric corrosion, and to weather 
exposure — for these industrial hot spots... 


stacks and breechings turbine interiors 
steam lines precipitators 
kilns coke ovens 
forced ard induced draft fans incinerators 
heat-treating furnaces pulverizers 
autoclaves and retorts blast and open hearth furnaces 


Remember, too, the first Dampney trade name and product, 
known and used today the world around, APEXIOR 
NUMBER 1 for boiler interiors. For all hot metal, wet or dry, 
the best protection available is made and marketed by 





MAINTENANCE 
FOR METAL 








HYDE PARK, BOSTON 36, MASSACHUSETTS 


Coatings for all temperatures to high heat— 
all corrosive environments. 
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Hall Industrial Water Report 


VOLUME 8 


394 Acoexaroupvptov 


MAY 1960 


The Greek word is billion. But you don’t have to savvy Greek to 
know that 394,000,000,000 gallons is a lot of water. U. S. Industry is 
expected to be using this much each day in 1980. 

Some of the water will be used as is. However, a sizable portion will 
require treatment to make it suitable for use. This might involve clari- 
fication, softening, silica removal, alkalinity adjustment, demineraliza- 
tion, or chemical conditioning to control corrosion or the accumulation 
of slime. And waste water may have to be treated for disposal or to 


recover valuable raw materials. 


Water problems are Hall Laboratories’ business. Experienced Hall 
engineers are ready to help you plan how to treat your water and how 


to tackle your water problems. 


Excessive Sewer Tax 


The size of his sewage bill shocked 
a manufacturer into the realization 
that he was contaminating a surface 
water supply. Waste water was being 
discharged in part to the municipal 
sanitary sewage system, in part toa 
small creek. Discharge to the creek 
was supposedly nothing but uncon- 
taminated cooling water. However, 
the municipal authority proved that 
the water going to the creek was high 
in suspended solids and oil 

The municipal ordinance required 
the payment of a surtax if a plant's 
industrial waste waters contained 
suspended solids and BOD in excess 
of normal concentrations in sanitary 
sewage. Furthermore, plants dis- 
charging polluted waters to a surface 
supply had to pay sewer tax and 
surtax just as if it were going into 
the municipal sewers. 

A lot of money was involved. Hall 
Laboratories was retained to deter- 
mine how the contaminants got into 
the water going to the creek and how 
to stop them. After location of the 
sources, waste waters could be di- 
verted to the sanitary sewage system. 
The preferred solution, however, was 
to clean up the waste waters, if this 
could be done economically. The 
latter solution would obviate pay- 
ment of sewer tax and surtax on the 
water involved. 

Hall staff engineer E. G. Paulson 
worked out procedures for disposing 
of the industrial wastes which made 
it possible to drop taxes from 
$600.00 to $75.00 monthly. 


DIVISION OF 
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Aluminum Interference 


in Dyeing 


Processing and dyeing of cotton 
fabrics had almost stopped in a 
Southern textile mill because of seri- 
ous trouble in the dyeing operations. 
Practically all output was unsatisfac- 
tory because of migration of dye and 
deeply colored specks. 

Hall industry specialist, Eric 
Laurin, was given a rush call. Hesoon 
established that the difficulty was 
due to the presence of an excessive 
amount of aluminum in the clarified 
and filtered process water. 

Inspection of the filter plant 
showed the settling basins to be old 
and under capacity for the amount 
of water required. Floc formation 
with aluminum sulfate was poor and 
the water was carrying it out of the 
settling basins onto and through 
the filters. 

By rearranging baffles in the set- 
tling basins and adjusting chemical 
feed, Laurin was able to improve the 
condition of the clarified water suffi- 
ciently to permit operation. How- 
ever, floc was still carrying over to 
the filters and there was continuous 
danger of further trouble. 

The next step was use of a Hagan 
Coagulant Aid. Results were imme- 
diate. Settling of floc in the basins 
was so rapid that there was prac- 
tically no carryover to the filters. 
This was true even with 25% less 
aluminum sulfate. Several years have 
now gone by without recurrence of 
the costly condition. 


HAGAN CHEMICALS & CONTROLS, 


NUMBER 3 


Calcium Chloride 


Regeneration 


When a. dealkalizer in a hospital 
boiler plant suddenly stopped deal- 
kalizing, Hall field engineer J. Printz 
received a rush call for help. 

The sudden loss of effectiveness led 
Printz to suspect that the anion ex- 
change material had become coated 
with something that was acting as a 
barrier between the water and the 
resin. Since the raw water seemed 
normal, his investigations took him 
almost immediately to the alkaline 
salt solution used for regeneration. 
He needed to go no further. One of 
the operators, to whom brine was 
brine, had dumped into the sodium 
chloride brine tank six hundred 
pounds of calcium chloride intended 
for preparation of brine for a refrig- 
eration system. When the solution, 
with some caustic soda added, was 
used for regeneration of the anion ex- 
changer, enough calcium compounds 
were precipitated on the exchange 
material to effectively insulate it from 
contact with water during operation. 

Printz reasoned that if his diagno- 
sis was correct the normal capacity 
of the dealkalizer should be restored 
by treatment with a solution of so 
dium hexametaphosphate (Hagan 
Phosphate), utilizing the ability of 
this material to sequester calcium 
and dissolve many calcium com- 
pounds. The procedure worked suc- 
cessfully and the equipment was 
promptly back in service. 


Water is your industry's most im- 
portant raw material. Use it wisely. 


Industrial Water Problems 
Require Special Handling 


There are no “‘stock answers”’ to 
industrial water problems. For in 
formation on how the Hall System 
can help you solve your particular 
water problems, write, wire or call 
address below. 


HALL Lasoratories 


HAGAN CENTER, PITTSBURGH 30, PA. 


Consultants on Procurement, Treatment 


Use and Disposa!i of industrial Water 


INC. 
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MARYLAND CONDENSER 


DESIGN keeps these points in mind— 


e EFFICIENCY © SIMPLICITY ¢ MAINTENANCE © ECONOMY 


Large steam dome assuring effective distribution Air cooler plenum orifices to control 
of steam to all parts of condenser longitudinal steam distribution 
with minimum impingement 


Joint prepared to suit 
turbine exhaust connection 


Optional stainless or belt type 
expansion joint 


Stiffeners arranged for maximum reinforcement 
and minimum interference with steam flow 


Nozzles located to assure } 


flooding of all tubes ry Full tube support plate 


for stiffening 


Laning designed for effecting 
steam penetration 
with minimum pressure loss 






































Large steam by-pass areas 
for reheating and deaerating 


Air offtake 











Sufficiently numerous i_ 7 ii ] 7 
large manholes t BH = All return connections 
™ ; i : | HW HE have impingement baffles 
“TT oY id al a | 


Deaerating hotwell vents 














Trays arranged for 
hotwell water seal 


All circulating water connections 


streamlined for minimum turbulence Maximum condensate storage capacity 


with minimum height 


WRITE FOR NEW BROCHURE. It’s yours without cost or obligation. 


Industrial Products Division 
Maryland Shipbuilding & Drydock Company 


Baltimore 3, Maryland * Representatives in Principal Cities 
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Chromate disposal problem 
Dearborn’s NEW 860 ends 


Does your chromate-containing cooling water treatment 
give you waste disposal problems? 


Have you lived with these problems because you believe 
chromates give you better results? 


Quite likely, your answers are yes. We have a more satisfactory 
answer—new Dearborn 860 with Endcor-B. 


Dearborn 860 is a non-chromate cooling water treatment incorporating 
Endcor-B which bolsters protective films... minimizes sludge deposits. 
Check these outstanding advantages... 
e Results comparable to chromate-containing treatments. 
® Non-toxic. No waste disposal problems. 


e Extremely rapid film formation. Important in new plants 
or immediately after shut-downs or turn-arounds. 


e Economical to use. Easy to feed. 


A Dearborn engineer will be glad to demonstrate the effectiveness of 860 
for your plant. Call him today or write for detailed Technical Bulletins. 


DEARBORN CHEMICAL COMPANY 


General Offices: Merchandise Mart, Chicago 54 * Dallas *« Des Plaines, Ill. « Ft. Wayne « Honolulu 
Linden, N.J.* Los Angeles * Nashville * Omaha « Pittsburgh « Toronto * Havana * Buenos Aires 





TEMP. 110 F 








dearborn 





TIME- DAYS 
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Here are America’s first six CE-Sulzer once-through boilers: 


Dayton Power & Light Co. 
Metropolitan Edison Co. 

Dayton Power & Light Co. 
Philadelphia Electric Co. 
Cleveland Electric I!luminating Co 
Philadelphia Electric Co. 


All have L&N Direct Energy Balance Control. 


Operating 
Pressure 
Station (psig) 


Tait 4 2400 
Portland | 2400 
Tait 5 2400 
Eddystone | 5000 
Avon 8 3500 
Eddystone 2 3500 


Company Capability 
150 MW 
165 MW 
150 MW 
325 MW 
250 MW 


325 MW 


New L&N Direct Energy Balance Control 
Coordinates Once-Through Boiler and Turbine 


Cleveland Electric Mluminating Company’s Avon 
Power Plant is operating America’s second CE-Sulzer 
supercritical unit (3500 psig). It Direct 


Energy Balance System to control the boiler and turbine 


employs the 
as an integral unit. Boiler-turbine output is changed in 
a pre-determined, orderly manner at the desired rate of 
generation change set by the operator, and output is 
kept within the capabilities of the equipment in service. 
From combined steam pressure and generation intelligence, 
D-E-B controls both fuel input and turbine governor 
Excess air is 


valves. “trimmed’’ continuously and 


Pioneers in Precision LEEDS 


automatically by flue gas oxygen analyzing equipment. 

In designing the Direct Energy Balance method, L&N 
engineers sought a basic improvement over conventional 
combustion controls. Based on 30 years’ experience in 
power plant measurements and controls, this new method 
was developed, subjected to simulation studies, and 
extensively field-tested. It will soon guide the operation 
of all six of America’s CE-Sulzer once-through boilers. 
For information on this new concept in combustion 
control, call your nearby Field Office, or write for Reprint 
463(8) to 4972 Stenton Avenue, Philadelphia 44, Pa. 


NORTHRUP 


Instruments Automatic Controls e Furnaces 
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Nalco Residual Fuel Oil Treatments Protect 
Boiler Systems from Storage to Stack 


STOP EACH OF THESE 
COSTLY TROUBLES 


with Mh CHEMICAL 
CONTROL 
FUEL OIL 


SCREENS 
STORAGE 





AND FILTERS OIL 
HEATER 








BURNERS 


rae 





rc 
SUPERHEATER 


AND CONVECTION 
AREA ECONO 


BOILER 


RADIANT, AIR 
AREA HEATER 
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COMBUSTION 
PROBLEM 





Sludge Settling 





COMBUSTION 
TREATMENT 





Dispersant 





Corrosion 


Corrosion Inhibitor 





Sludge, Varnish and 
Emulsion Formation 


Stabilizer 





Cleaning 
(Heavy sludge & deposits) 


Solvent and Dispersant 





Soot 


Combustion Catalyst 





Slag 


Inhibitor for SO2 to SO3 Reaction 
and High Melting Point Materials 





Low Temperature 
Deposits and Corrosion 




















x x Inhibitor for SOs to SO3 Reaction 
and Neutralizing Materials 

















Low-cost fuel oil will not become an expensive 
cause of power plant maintenance and replace- 
ment costs when you put Nalco treatments to 
work controlling sludge, deposits, corrosion, 
soot, slag or acid formation. There is a Nalco 
treatment for each of these specialized jobs... 
to provide you with effective protection from 
storage to stack. 


Pre-Flame System 


Storage tanks and the pre-flame fuel system 
can be kept deposit- and corrosion-free with 
Nalco sludge dispersants, corrosion inhibitors 
and stabilizing treatments. Where sludge de- 
posits have built up in tanks, there are Nalco 
treatments that will disperse them into usable 
fuel and recover lost storage space. Stabilizers 
and dispersants assure better burning by pre- 
venting fouling of burners by varnish or sludge. 


Furnace and Convection Area 


Soot and slag deposits are common troubles 
caused by untreated residual fuel oils. There 
is a Nalco treatment for control of each of them 

. to substantially boost efficiency and reduce 
mechanical cleaning costs. Combustion catalyst 
type treatments lower soot ignition tempera- 
tures . . . assure more complete combustion, 
cleaner burning. Slag deposits are substantially 
reduced by additives that modify the high tem- 
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perature chemical reactions of ash and sulfur 
in the oil. 


Economizer and Air Heater Sections 


Keeping corrosion and acidic deposits out of 
economizers and air heaters was often the most 
difficult part of plant combustion problems to 
solve economically—until Nalco developed 
successful ‘‘cold-end”’ treatments. Inhibitor- 
neutralizers modify the chemical reactions 
which convert sulfur dioxide to the sulfur 
trioxide that creates corrosive conditions in low 
temperature areas. 


Long Range Economy 


Residual fuel oils, plus Nalco fuel oil treatments, 
can build a very attractive operating-cost pic- 
ture in your plant. For a flying start toward 
long-range fuel economy, call your Nalco Rep- 
resentative today, or write us for details on 
specific Nalco answers to your combustion 
problems. 


NALCO CHEMICAL COMPANY 
6234 West 66th Place Chicago 38, Illinois 


Subsidiaries in England, ati Mexico, Spain, Venezuela 
and West Germany 


In Canada—Alchem Limited, 
® Burlington, Ontario 


... Serving Industry through 
Practical Applied Science 








Liungstrom rotor being installed for 
Southern California Edison plant at 


Huntington Beach, Cal. Eight 


such 


Ljungstroms will serve four boilers at 


thia station. 
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AIR PREHEATER SERVICE WILL STILL BE 
IN EFFECT ON THESE UNITS IN THE YEAR 2000 


These new Ljungstrom® Air Pre- 
heaters, being installed at Southern 
California Edison’s Huntington Beach 
Station, will be protected by an unu- 
sual service policy, one that guaran- 
tees regular inspection by Air Pre- 
heater engineers throughout the life 
of each unit. 

There’s no terminal date on this 
service — it’s in effect as long as the 
units are in operation. In fact, Life- 
time Air Preheater Service is still 
helping to keep the first Ljungstrom 
installation in the U.S. running per- 


fectly, although it’s been in operation 
almost 40 years. 

Air Preheater provides first-rate 
factory service too, In one instance, 
in response to a last-minute decision 
to replace cold-end elements near the 
end of a scheduled shutdown, Air Pre- 
heater fabricated and shipped over 
13,000 pounds of heating elements the 
day after the order was received. 

Regular inspection and fast factory 
service are just two of the advantages 
Air Preheater offers its customers. 
Another is expert knowledge of boiler 


and preheater problems, gained 
through 35 years’ experience. This 
combination—knowledge of customer 
problems and a continuing interest in 
them — probably explains why nine 
out of ten preheaters sold today are 
Ljungstroms. 


THE AIR PREHEATER 
CORPORATION 


60 East 42nd Street, New York 17, N.Y. 








PENNSYLVANIA BRADFORD BREAKERS 
prepare over 160 million tons 


of coal each year 


Because no other coal processing 
machine does so much for so 
litthe—Pennsylvania Bradford 
Breakers have become a standard 
of the industry. 

At power plants, by-product 
coke plants, coal mines and coal 
cleaning plants Pennsylvania 
Bradfords clean, size and scavenge 
at phenomenal low cost. 

Data from 10 installations over 
8 years shows an average main- 
tenance cost of $.001 per ton, and 


an average power consumption of 


.204 KW per ton. 
TRIPLE ACTION 


Continuously charged, the Penn- 
sylvania Bradford immediately 
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screens out passing sizes of coal 
through the screen plates. Larger 
lumps are raised and dropped, 
breaking by gravity impact until 
they are screened. All refuse— 
sulphur balls, slate, rock, tramp 
iron, etc.—resist breakage and 
travel the full length of the breaker 
where they are discharged. 


BRADFORD-HAMMERMILLS 


For reduction of particularly hard 
coals and for heavier loading. 
Bradford-Hammermills are fre- 
quently specified. This machine 
combines a concentrically-mounted 
rotor of a hard-hitting Pennsy]- 
vania Hammermill at the rear end 
of the slow speed Bradford Breaker. 


Capacities are increased over 20%. 


Pennsylvania Bradford crushes, 
sizes, scavenges all in one 
operation —at lowest cost 


FREE BULLETIN 


For the full story on Pennsylvania 
Bradford Breakers and Bradford- 
Hammermills write for Bul- 
letin 3007. 


RING-TYPE 
GRANULATORS 


For preparing coals for stoker and 
pulverizer fuel, and other uses 
where overgrinding is undesirable, 
Pennsylvania Ring-type Granu- 
lators have no peer. Exclusive 
design; exclusive advantages. 
Completely described in Bulletin 
9002. Send for it. 


PENNSYLVANIA CRUSHER DIVISION 
Batu Iron Works Corporation 
WEST CHESTER, PENNA. 

x * * 


Over 50 years concentrated experience 
in all types of material reduction 
makes Pennsylvania your best source 
of crushers and engineering advice 
and service. Call on Pennsylvania 
with your next crushing problem. 
Representatives from coast-to-coast. 


BATH-BUILT i 





“Increased boiler capacity can often be obtained by 
modernizing boiler cleaning equipment. Another benefit 
of such modernization is more efficient utilization of the fuel 
. .« getting more heat into the steam for useful work and 


wasting less heat up the stack. 

For example, at the Ashland, Kentucky Works of the 
ARMCO Steel Corporation there are four boilers that were 
unable to supply the growing steam requirements of the 
plant. The high exit gas temperatures suggested that a 
study be made to determine whether the cleaning could be 
improved to provide additional capacity. This study 
indicated that more steam from the same fuel could be 
expected if high pressure long retractable blowers were 
used for cleaning instead of the rotary blowers with which 
the boilers were originally equipped. 

The expected results seemed sufficiently promising and 
it was decided to modernize the cleaning equipment of one 
boiler. The seven rotary blowers were replaced with four 


Diamond Long Retracting Blowers, one of which is shown 
below. This modernization proved to be justified as the 
boiler's maximum steam output was increased 11% and the 
exit gas temperature was reduced approximately 100° F. 

A “Boiler Cleaning Modernization Program” is well 
worth careful consideration because it can mean sub- 
stantial savings in so many ways. In addition to increased 
capacity and more efficient fuel utilization, there is reduced 
maintenance also reduced operating costs when 
motorized units and automatic operation are_ installed. 
Even though your boiler cleaning was the best at the time 
it was installed, improvements since then will probably pay 
off. For many years Diamond has been doing continuous 
research to improve boiler cleaning and boiler cleaning 
equipment. 

Ask the nearest Diamond office (or write directly to 
Lancaster) to make a study of your boiler cleaning . . . 
the possible savings may surprise you.” 


DIAMOND POWER SPECIALTY CORPORATION 


LANCASTER, 


DIAMOND SPECIALTY LIMITED 


The Mark of 
BETTER BO/LER CLEANING§ 
AT LOWER COST 


OHIO 


« WINDSOR, ONTARIO 
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11% 

More Steam 
100° F 
Lower Exit 
Gas Temperature 


RESULT FROM BOILER CLEANING 
MODERNIZATION PROGRAM 


Ysing DIAMOND 


) LONG RETRACTING 
| BLOWERS 


! 
| 
| 
| 
| 
| 
| 
| 
| 
| 


One of the four Diamond Long Re- 
tracting Blowers used to modernize 
the cleaning of the first boiler at the 
Ashland Works of ARMCO Steel 
Corporation. The results were so 
satisfactory that the three other 
boilers in this plant are now also 
being modernized. 
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UNRETOUCHED ACTION PHOTOS PROVE 
SUPERIOR PERFORMANCE OF 


an ordinary cyclone 


THE BUELL CYCLONE 
with Shave-Off 


These are photographs of as true a test as can be made under 
laboratory conditions. Notice the difference in the dust patterns! 
In the Buell Cyclone, on the left, the dust at the top makes less 
than one revolution before it is trapped by the Shave-Off. It’s then 
channeled down to the lower portion of the Cyclone, well below the 
clean gas outlet. 

Why is the Buell Shave-Off so effective? Primarily because it har- 
nesses the double-eddy current to convey the dust “fines” downward 
quickly, thereby promoting greatly increased efficiencies. In the 
ordinary cyclone, as shown on the right, these “fines’’ concentrate 
and recirculate at the top, causing erosion of the cyclone. To be 
collected, the fine dust must trave! downward close to the clean 
gas outlet where much of it escapes. Buell 

Cyclones have made an impressive record 

in many years of trouble-free service. To 


10) 
see how their extra efficiency in the a 
Shave-Off can pay off for you, send for our >. 
Cyclone Catalog #103. The Buell Engineer- We 
ing Co., Inc., 123 William Street, New York ~~. 
38, New York. Northern Blower Division, 
6404 Barberton Avenue, Cleveland, Ohio. Norblo | 
(Subsidiary: Ambuco Ltd., London, England.) 


CYCLONES * ELECTRIC PRECIPITATORS * BAG COLLECTORS * COMBINATION SYSTEMS © FANS © CLASSIFIERS 
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EDITORIAL 





Keeping the Wellhead Fed 


news bulletins, 
progress editor's 
desk. Along the line of march you find differing views 
on almost any One subject currently receiving 
because the 
is graduate study. We, as an industry, 
Feb. 1960, p. 25) that we need 
well equipped engineering graduates if our industry 
The differing views 


An endless parade of press releases, 


reports march across the average 


subject 


considerable attention, probably school 
vear 1s ending 
know (COMBUSTION 
is to continue as a 


therefore, as regards our graduate schools, we find dis 


vigorous one. 


turbing 
The growth of the graduate school in engineering has 
been tied closely to the growth in applied research within 
basic due in 
Then, as one federal 


the university as contrasted to research 
large measure to World War II. 
administrator puts it, ‘this changed philosophy toward 
research on the part of most colleges had come from the 
availability of governmental support, largely, though 
not wholly, the result of technological demands of our 
defense program. At the time when the colleges were 
having difficulty in finding enough money to keep their 
good faculty members, the availability of these research 
funds was of inestimable value. To a considerable ex 
tent, this is still the 

But this growth has brought with it a disturbing situa 
tion. Dr. Fred H. Rhodes, former director of the school 
of chemical engineering at Cornell University, has this 


“My greatest criticism of the American univer 


Case 


to say 
sity education, in general, is the decreasing emphasis on 


really effective undergraduate instruction. There are 
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this. One is the great number of 
sponsored research projects offered to and accepted by 


When a sponsored research program is 


several causes for 
the universities. 
offered to a university, the usual immediate effect is the 
withdrawal of the most competent professor in that field 
from some or all of his undergraduate teaching so that 
he may be assigned to the project.” 

Small wonder, then, that in the 
March 1, datelined Princeton, N. J., 
paragraph to a story. “‘A convincing argument that a 
college education of high quality could be had at other 
than prestige colleges was offered today by the Woodrow 
Wilson National Fellowship Foundation.’ Apparently 
the smaller schools do not suffer from the attrition of 
research programs and are employing their best scholar 
teachers student development rather than 
industrial product development. 

We were much encouraged to see that the University 
of Illinois had a program of developing good 
engineering teachers, through graduate study, somewhat 
along the line of the Wilson Fellowship for general 
college teachers appealing enough to receive a Ford 
Foundation grant of $207,000 the first Ford 
Foundation grants in engineering and in sharp contrast 
to the $5,000,000 Ford Foundation grant for the long 
established Woodrow Wilson Fellowship. Programs 
such as the one at Illinois are vital to the development of 
It is only from such positive action that 
adequately equipped engineer- 


York 


appeared this lead 


New Times, 


toward 


devised 


one of 


our industry. 
the industry’s wellhead 


ing graduates—-can be fed. 





The utility industry has been keenly interested in the 
application of peaking power to its established ca- 
pability. Muchhasbeen published. This paper brings 
together with generous use of illustrations much of the 
basic reasoning behind the role of peaking power and 


we publish it as an excellent primer for peaking. 


Power for Peaking” 


By CLARENCE C. FRANCK, SR.’ 


total utilization of a 
utility in 


ociated with the 
faced the 
Phe tremendous capital investment required 


HE problem a 


power plant has always electric 


dustry 


to engineer, construct, operat ind maintain the power 


yenerating makes it necessary to utilize it 


to the utmost in order to obtain a reasonable return on the 


equipment, 


investment. When potential power generating equip 


ment is idle, the overhead accumulates at a rapid pace 


Practically all power generating equipment ts projected on 
| july | 

oidably idle for 

In order to economically 


the basis that it will be unay i certain per- 


centage of its useful life justily 
the project, this idle time is kept to an absolute minimum 
Conditions surrounding power generating equipment ex 
pansion of the past has been based on the premise that 
the new equipment will be used to the utmost in at least 
the early stages of its useful life. Even on the assumption 


of a high use factor, power plant designers find 1t 1n- 


creasingly dithcult to justify normal advances in operat 
ing conditions 

Characteristic trends in power generation of large 
utility that 


influencing the fluctuation in the demand for power over 


systems have indicated certain factors are 


periods of time Che ultimate result of this situation 1s 


condition where at certain periods the de 


high 


the demand for power has fallen off appreciably 


to create a 


mand for power is while at other periods in_ the 
evele, 


Phe 


trend of crests 


character of this demand has established a cycl« 


und troughs and has created for the in 


dustry, the ‘peaking’ problem 


These cyclic demands may manifest themselves in 


many forms and the most common of these will be 


briefly discussed 


1. Systems where a relatively high load is sustuined 


for two thirds to one half of the daily period. Such plants 
must be designed for relatively high operating economy 
considered the modern 
Such plants will 


and 


ind will represent what might be 
plant of the 
shut 


power present tie 


normally be down after a certain hour “con 


Westinghouse Electric Corp. 


trolled started 
tion at another specified time 


prior to the assumption of normal opera 


2. Systems where several rather severe peaks would 
be encountered several times daily during the operating 
period. Such systems must be capable of being extended 
during these periods in order to satisfy the load demand. 

4. Systems with seasonal peak loads. Such systems 
exist in areas with cold climates and the peaks develop 
during the low temperature periods of the year Svs 


tems located in moderate temperature areas and, par 
ticularly those in extremely warm zones, have developed 
peaks as a result of the widespread application of air 
conditioning 

!. Systems which might involve high load demands at 
Such 
systems might be located in areas where a large portion 
of the Should such a 


condition be compounded on an area which requires the 


some specific time throughout a period of years 
load consists of hydro-power 


pumping of water for irrigation, then the un ivailability 
of hydro-power might be coincidental with a shortage 
of water and would necessitate that power be obtained 
for both basic use and pumping requirements 
Che well 


numerous written on 


peaking has been defined and 


excellent the 
Che ultimate aim of those studying and pre 


problem 


papers have been 
subject 
scribing for the problem is to obtain an economic balance 
between capital expenditures, operating hours and operat 
Che purpose of this paper will be to discuss 


with 


ing costs 
certain possibilities and limitations in connection 
the utilization of 
tical thermal 


electrical power. 


power generating equipment in prac 


eveles for the large scale generation of 


Available Practical Cycles 


peak loads, the ulti 


mate objective is to combine available apparatus to ob 


In solving the problem posed by 


tain the maximum power output from a minimum of 


order to accomplish this end 
careful 


installed equipment. In 
result, the 
survey of the equipment and combinations of equipment 


power plant designer must make a 


available 
Che following practical cycles have been time tested 
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REGENERATIVE STEAM CYCLE 


-—-o— 


Fig. 1—Regenerative steam cycle 


for their suitability and reliability for the purpose of 


large scale production of electric power. 

1. The regenerative steam cycle is shown in Fig. 1. 
In simple form, this cycle consists of a combustion 
chamber for burning the fuel, a steam generator, a steam 
superheater, a turbine, a generator, a condenser, a pump 
and a complement of feedwater heaters. This is a 
relatively simple thermal power cycle and has had wide 
spread background of use in the utility industry. 

2. The reheat-regenerative steam cycle is shown in 
Fig. 2 his cycle consists of the regenerative cycle 
with a reheat element added to the heat generating sec 
tion and a corresponding change to the steam turbine 
to accommodate reheat. 

This thermal cycle is now in widespread use and re 
sults in a plant of relatively higher thermal 
efficiencies than the non-reheat cycle, but with increased 


power 


capital expenditure and additional complications. 


3. The While 


this cycle is in its early stages of development and is 


open gas cycle is shown in Fig. 3. 
limited to burning liquid or gaseous fuel, it presents 
great promise for one solution to the problem of peak 
loads 

The gas cycle represents the simplest form of power 
Close 


observation of the gas cycle indicates that practically all 


generation known to the power plant designer. 


of the essential elements of a power generating system 
are incorporated in a relatively few essential components. 
The gas turbine which is the heart of the gas cycle has 
many advantages, particularly as applied to an element 
which might be subjected to severe cyclic operation 
idditional available power generating cycles 
re of sufficient stature to match up to 


There are 
but none of these 
demanded by the electric 


the expectations which is 


utility industry 


Steam Power Cycles 


From Figs. 1 and 2, it may be noted that while the 
steam turbine is only one link in the chain of steam power 
generation, it forms the keystone of the steam power 
generating cycle It is a device which lends itself to a 
relatively precise proportioning to conform to a given 
established condition 

The steam turbine is a heat converting engine which 
iffected by the environment in which 1 
for the steam turbine to sustain a 


is not greatly 
operates. In order 
given power output, it is necessary to continuously supply 
is no means of building-in reserve or 


energy There 
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Fig. 2—Reheat-regenerative steam cycle 


REHEAT-REGENERATIVE STEAM CYCLE 


OPEN GAS CYCLE 


Fig. 3—-Open gas cycle 


accumulating any appreciable quantity of energy in a 
steam turbine. 
through the turbine and the heat energy available, com 
bine with the conversion efficiency of the steam turbine 


Consequently, the mass of steam flowing 


to generate a finite amount of power. 

The turbine conforming to the non-reheat 
consists of a metering orifice at the inlet to the turbine 
and a corresponding metering orifice at the exhaust of 
the turbine. In the case of the turbine used with the re 
heat cycle, there is an additional orifice at the point 
where the reheated steam re-enters the steam turbine. 

All the characteristics of a steam turbine are easily 
defined and it remains for the designer to provide suf 
ficient area to admit steam and sufficient blade strength 
to satisfactorily resist the forces resulting from this steam 
passing through the stages of the turbine. The exhaust 
orifice of the steam turbine is somewhat more complex 


cycle, 


and a combination of steam flow, steam volume and ex 
haust annulus link together to form a natural balance 
at the point where the steam leaves the turbine and enters 
the steam condenser. 

Fig. 4+ shows a longitudinal view of the low pressure 
end turbine test facility which ts located in the Engineer 
Laboratory at our Works. 


ing Experimental Lester 


EXHAUST END TEST FACILITY 





Fig. 4—Exhaust end test facility 
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Fig. 5—Output from non-reheat steam cycle 


his shows clearly the elements involved in establishing 


the orifice existing at the exhaust of the steam turbine 

View “A,” at the top left, shows the low pressure end 
blading of a turbine exhausting directly into a housing, 
condenser. Obviously, 


which is representative of the 


in this situation, there is no restriction in the flow from 
the last row of blading and the area at this point forms 
the natural orifice which limits the exhaust flow 
View “B, diffuser which 
added to the last blades in order to effectively 
guide the steam into the housing 
this diffuser 
air flow model tests 


center, shows a has been 
row ol 
he shape and propor 
tions ol have been obtaimed by extensive 
Such a procedure assures optimum 
shape and arrangement of the diffuser 

View “C, 
added to the combination, and this completes the struc 


at the lower right, shows the exhaust hood 


ture which represents the actual working parts of the LP 
end of a steam turbine 

By the application of the information obtained from 
this facility 
existing at the exit of the last row of blades based on a 


test it 1S possible to calculate a pressure 
vacuum which is sustained by the condenser at the ex 
This relation in turn 
Flow’ through the 
determined by 


haust flange of the steam turbine 
is predicated on a “Limit Exhaust 


turbine, which is established and con 


siderations of maximum allowable stresses in the blad 
ing 

rhe ultimate limitation in the load carrying ability of 
a steam turbine is determined by the flow through the 
last stages and the “‘Maximum Effective Vacuum.”’ 

Fig. 5 shows the limiting power output from a steam 
turbine with a given exhaust annulus area. This output 
is given as a function of the inlet steam pressures and 
applied to the non-reheat 
utilizing six stages of feedwater heating. Fig. 6 gives 


temperatures when cycle 
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Fig. 6—Ouvutput from reheat steam cycle 


similar information for units operating on the reheat 
cycle. The dotted lines shown on Figs. 5 and 6 represent 
the nominal steam inlet pipe sizes required to pass the 
throttle flow which results in the ‘Limit Exhaust Flow” 
through the machine. 

Having discussed the factors involved in limiting the 
predicted output of a given steam cycle, the associated 
equipment comprising the cycle will be given considera 
tion. 


1) (GENERATOR 


The generator must be provided with the necessary 
characteristics to permit the power developed by the 
into electrical energy 
temperature 


turbine to be converted 


temperature ofr 


steam 


without excessive rise 





Westinghouse 


Fig. 7—Inner-cooled generator 
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Fig. 8—Single pass steam condenser 


occuring within the structure of the generator. 

Fig. 7 is representative of an inner-cooled generator 
utilizing hydrogen as the cooling medium. Hydrogen- 
cooled generator load carrying ability is related to the 
hydrogen pressure 

It is recognized that generators can carry load beyond 
their rating and that some operators take advantage of 
this even though it involves operating at conditions other 
than shown on the capability curves recommended by the 
manufacturer This is done with recognition of the pos- 
sible deleterious effect. Limitations involve not only 
the total temperature of the winding and the effect of 
temperature on the insulation but also the magnitude of 
the temperature differentials. In addition, one must 
consider the effect of higher loading on such components 
as the excitation system, bushings, interconnecting bus 
work and surrounding parts. These factors warrant 
detailed attention in the overall consideration of a peak 


ing unit 
(2) CONDENSER 


Fig. S shows the cross section through a typical single 
pass steam condenser. A steam condenser proportioned 
for peaking service must take into account the ability of 
the steam turbine to utilize the vacuum established by 
the condenser. Having established the Maximum Ef 
fective Vacuum which the steam turbine can utilize, 
the design of the condenser may be proportioned accord 
9 shows the “Minimum Required Surface”’ 
versus steam turbine 


ingly. Fig. 
for ‘Maximum Effective Vacuum’ 
exhaust annulus with different cooling water tempera 
tures. 
the steam turbine and will have a resulting low vacuum 


Such a steam condenser is proportioned to match 
COOLING WATER TEMPERATURE - F 


PEAKING CONDENSER 
VS 


FT@x 100,000 


CONDENSER SIZE 


300 
EXHAUST ANNULUS AREA - FT? 


Fig. 9—Minimum required surface for maximum effective vacuum 
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at high steam flows and proportionately improved 
vacuum at lower flows through the exhaust of the steam 
turbine. 


(3) FEEDWATER HEATERS 


It is interesting to note that when the steam flowing 
through the steam turbine results in the Limit Exhaust 
Flow, an increase in the final feedwater temperature from 
the feed heating system will result in an increase in the 
power output of the cycle. 

This must be qualified by the number of feedwater 
heaters employed, and this characteristic is shown in 
Fig. 10. The information contained in Fig. 10 is rep- 
resentative of the characteristics of feedwater heating 
as applied to a peaking application for a reheat cycle. 
This curve is a typical example and each individual case 
must be based on its own specific conditions. 

Fig. 11 is representative of feedwater heaters for high 
pressure and low pressure service. 


(4) STEAM GENERATOR 


The steam generator must be capable of supplying the 
steam in sufficient quantity and at the heat level re 
quired to permit the turbine to generate the specified 
output. The steam generator may be operated beyond 
its nominal rating, but such operation must be tempered 
with a knowledge of the consequences involved 


Steam Turbines for Peaking Service 


Steam turbine for peaking service may be classified 
in several categories which allow the steam turbine to 
be adapted to the system characteristics. A description 
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Fig. 10—Final feedwater temperature from feedheating system 
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LOW PRESSURE HEATER 


Poms 


Fig. 11—Feedwater heaters for high pressure and low pressure service 


of such steam turbines follows under separate heads 


Conventional Steam Turbines and Generators 


steam turbines are designed to operate on the 


These 


reheat cycle with relatively high inlet steam pressures 


ind temperature These steam turbines will have 
loaded expected to 
it relatively high thermal efficiency. Such plants 


off peak hours 


normally exhaust ends and = are 
operat 
ire intended to be shut down during the 


and “control started” in anticipation of the resumption 
of load 
uch plants ts 

With the use ol 
Westinghouse 


could 


Phe equipment operating in conjunction with 
subjected to severe thermal cycling 

steam temperatures ol 950 F 
thermal 


initial 


recognized that any transient 


result in casing distortion and casing 


ven though carefully con 


stresses 
cracking Cyelu 
trolled by 


perature variations and thern 


operation, ¢ 


conscientious operators, will impose tem 


al stresses on the turbine 


nd generator structures. Such conditions were ant 


ipated im the original design philosophy used in project 


ing Westinghouse turbine ind generators for the past 


decack Such features include adequate provision for 


anchoring, sep 
flexible leads 


separals 


ixial transverse 


Ives 


differential expansion 


trate stop va separate steam chests 


from the steam chest to the turbine casing 
rotor end-turn 
\lthough the 


operation will unquestionably increase 


nozzle chambers, cold-worked copper 


construction, and Thermalastic insulation 
effects of 


the maintenance, the 


evel 
inclusion of such design charac 
teristics will minunize the deterioration of the turbine 
and generator unit 

Fig. 12 is representative of the design features applied 
to the 


steam imlet section of a modern large steam tur 
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bine. This illustrates the application of steam cooling 


to reduce temperature gradients across the walls of 


the structure. The nozzle chambers are flexibly sup 
ported within the casing which permits them to expand 
independently of the inner case and of one another. 
The steam chests are separate from the turbine casing 
and connected by means of flexible pipes. The stop 
throttle valves are integral with the steam chests. An 
internal pilot valve in the stop throttle permits starting 
the steam turbine with the governor valves in the wide 
open position. 

In addition to the design features as described above, 
the return of reheated steam is never brought directly 
into contact with the outer casing but is contained within 
a separate structure. This design protects the outer cas 
ing of the steam turbine structure from the normal large 
variations in reheat temperature 


TANDEM COMPOUND DOUBLE FLOW 3600 RPM REHEAT 


TURBINES 


Fig. 13 is typical of this class of machines which have 
ratings from 50 to 225 Mw and are designed for the 
normal range of steam inlet conditions up to 2400 psig, 
1050, 1000 F 

The HP-IP 
advanced design which embodies features of mass flow 
rotor cooling and thrust balance under all con 
The use of the mass flow cooling 
principle reduces temperature gradient across, and _ the 
walls of the high temperature 


element of this machine represents an 
cooling 
ditions of steam flow 
thermal stresses in, the 
zones of the inner casing 
Flow 3600 Rem REHEAT 


[TANDEM COMPOUND TRIPLI 


TURBINES 


Fig. 14 is typical of this class of machines which have 
ratings from 125 to 325 Mw. 
with steam inlet conditions up to 2400 psig 1100/1050 F 

Phe HP element of this machine is of the split opposed 
flow type and embodies the ultimate in component flex 
ibility minimization of thermal 
from thermal cycling. Steam from the 
the IP element and flows to the crossover point 
mass flow cooling principle 
IP element flows back across 


LP ele 


Such machines are used 


and stresses resulting 
HP element enters 


rhe IP 


element utilizes the One 


third of the steam from the 
the IP inner casing and through the 


single flow 


Fig. 12—Steam inlet section features 
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Fig. 15—Tandem compound quadrupie flow 3600 rpm reheat turbine 


ment to the condenser. The remaining two thirds of 
the steam flows through the exhaust openings in the 
forward end of the IP-LP cylinder and into the double 
flow LP turbine through two The 


double flow LP elements have separate blade rings which 


crossover Pi eS. 


are supported by the outer casing. 


TANDEM COMPOUND QUADRUPLE FLOow 3600 RPM RE 
HEAT TURBINES 


Fig. 15 is typical of this class of machines which have 
ratings of approximately 400 Mw. Such machines are 
used with steam inlet conditions of 2400 psig 1000) 1000 F 
or higher 

Because of the volumetric flow 
machine, the HP element ts of the double flow tvpe. 

\n interesting feature of this type of machine is the 

two crossover pipes from the IP 
louble flow LP turbines. This con 
verified by model 


large entering this 


arrangement of the 
turbine to the two 


which airflow tests, 


nnplexity of the crossover piping system 


struction was 
reduces the ec 


and minimizes the pressure drop through the pipe. 


Cross COMPOUND QUADRUPLE FLOW 3600/3600 Rpm RE- 
HEAT TURBINES 


Fig. 16 is representative of this type of machine and 


it is composed of the same type of elements utilized 


compound quadruple flow machines. 
the HP element 


tandem 
arrangement is such that 


in the 
In this case 








is connected to one of the double flow LP elements and 
the IP element is connected to the other double flow LP 
element. 


Cross COMPOUND DOUBLE FLoW 3600/1800 Rpm RE- 


HEAT TURBINES 


Fig. 17 is representative of this type of machine which 
is used for ratings up to 500 Mw with steam conditions 
of 2400 psig 1000/1000 F or higher. The HP and IP 
elements are connected in tandem and operate at 3600 
rpm. Such a machine makes available a large exhaust 
annulus which is effectively utilized in areas of ex 
tremely low temperature condenser circulating water. 
The double flow opposed type LP elements operate at 
1SOO rpm. 


Cross COMPOUND QUADRUPLE FLOW 3600/1800 Rpm RE- 
HEAT TURBINES 


Fig. 1S is representative of this type of turbine which 
is used for very large capabilities. 

This machine arrangement double 
HP element and a double flow IP element connected in 
tandem and operating at 83600 rpm. The LP elements are 
connected in tandem and the steam exhausted from the 
machine flows into the condenser through two rectangular 
The unit ts 


includes a flow 


openings, one in the base of each turbine. 


supported by three transverse foundation members, 


one located at the forward end of the machine, the second 





Fig. 16—Cross compound quadruple flow 3600/3600 rpm heat turbine 
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Fig. 17—Cross compound double flow 3600/1800 rpm reheat turbine 


between the turbine structure and the 
and the third between the junction 


at the aft end 


turbine generator 


of the two low pressure casings 


Low Pressure-Low Temperature (Minimum Operating 
/ £ 


Time) Steam Turbine 


Steam turbines of this type will be designed for opera 
tion on the non-reheat cycle and the overall plant with 
will inherently low thermal 
In this design approach, the exhaust end of 
the turbine is heavily loaded in order to get the max 
imum power from the minimum structure. It is intended 
that plants of this nature operate relatively little time 
and are designed specifically for peaking service 

Plants for such intermittent service must be designed 
so that the equipment can be protected from deteriora 
tion during the Although 
steam inlet pressures and temperatures for these plants 
the equipment is exposed 


which they operate have 


etherency 


long periods of inactivity 
are generally relatively low 
to severe thermal cycling 
\lthough such units have separate stop-throttle valves, 
that the and nozzle 
with a HP 


chest 
wall 


economics dictate steam 


chambers be integral single casing 


6-VALVE CHEST 
ADMISSION COVER AND BASE 








Fig. 18—Cross compound quadruple flow 3600/1800 rpm reheat turbine 


In order to obtain an approach to the flexibility afforded 
by separate nozzle chambers, a new concept in cylinder 
This offers some degree 


design has been developed. 
of flexibility without resorting to the expense and com 
plexity of separate steam chests and separate nozzle 


The several views of Fig. 19 illustrates this 


The steam chest and nozzle chambers are 


chambers 
construction 
a unit with slots separating groups of nozzle 
chambers, one from another. The proper is 
cast as a simple shell with a top opening to receive the 
nozzle chamber unit. The steam chest and nozzle 
chamber subassembly is then welded to the casing. 

In addition to the design provisions described, a unit 


cast as 
evlinder 


of this type should be given every possible considera 
tion during its heating period prior to being synchronized 
and during the period when it is initially loaded. By 
using the pilot valve built into the stop-throttle, the 
unit may be heated and brought up to speed with all 
governor valves in the wide open Che unit 
should then be synchronized on the stop valve with all 
the governor valves still in wide open position. The 
capacity of the pilot va've is proportioned to carry ap 
At this point, the 


position 


proximately 20°, of the rated load 


Fig. 19—Integra! steam chests and nozzle chambers 
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Fig. 20—Tandem compound double flow 3600 rpm non-reheat turbine 


governor valves should be brought into service by ad 
justing the speed changer mechanism and the stop valve 
fully opened. This procedure will minimize thermal 
shock to the turbine casing and reduce nozzle partition 
wall temperature differentials. 


TANDEM COMPOUND DOUBLE FLOW 3600 Rem Non-RE- 
HEAT TURBINES 


Fig. 20 is a tandem compound double flow 3600 rpm 
non-reheat turbine and is representative of a unit for 
this class of service. Steam inlet conditions above 1250 
psig 950 F would be difficult to justify economically. 
More common steam conditions for this type of service 


might be $50 psig 825 F. 


Special Turbines for Peaking Service 


An ideal application for an electric utility system 
having reasonably good base load characteristics, with 
relatively sharp peaks, might be in a steam turbine which 
was designed for optimum efficiency at relatively low 
loads with the inherent ability to carry higher loads at 
relatively lower efficiency 

Power plants and steam turbines for such service 
would require special consideration and involve special 
designs. A general discussion of steam turbines of this 
class and their potentialities will be given. 

1. Such steam turbines might operate with relatively 
low steam inlet pressure and high steam inlet tempera 
ture and have a relatively large exhaust annulus for low 
leaving losses and high efficiency at normal rating. 

By reducing the steam inlet temperature and raising 


RELATIVE NET HEAT RATE 
OF A 
STEAM TURBINE - GENERATOR 
DESIGNED FOR PEAKING SERVICE 


CONTINUOUS NORMAL STEAM CONDITIONS: I800PSIG - 1050 /1000 F 
7 HEATERS 
MAXIMUM INLET PRESSURE DURING PEAKING SERVICE: 2400 PSIG 
MAXIMUM INLET TEMPERATURE DURING PEAKING SERVICE 1000 F 
VARIABLE CONDENSER PRESSURE 


the steam inlet pressure in such a way to maintain the 
same relative creep rate, large quantities of steam could 
be passed through the machine. This would result in 
increased power output at approximately the same heat 
rate depending upon the degree of change in tem- 
perature, pressure, boiler feed pump power, vacuum, 
and leaving loss. 

The curve labeled (@) on Fig. 21 shows the character 
istic performance of such a steam turbine. It is to be 
noted that the partial load performance under the low 
pressure and high temperature steam inlet conditions 
is rather flat in nature. 

2. In addition to the modifications 
under (1), such a unit might be designed with an extra 
stage of feedwater heating at the normal loads. The 
use of the heater with higher final feedwater temperature 
will improve light load performance. This heater may be 
bypassed at high loads to increase the capability of the 
steam turbine. 

The performance characteristic of such an arrange 
ment is shown by Curve (2). 

3. Units designed to bypass additional heaters at 
maximum capability would have a characteristic similar 
to that shown by Curve (3). 

!. Another approach to this problem would be to 
design the steam turbine to permit the induction of 
steam at an intermediate point in the turbine. In the 
case of a reheat steam turbine, this steam could be ad- 
mitted at the hot reheat point. 

Such an arrangement would provide for additional 
steam flow through the lower pressure stages of the steam 
turbine without increasing the physical size of the more 
expensive inlet features and main steam header. 

The relative operating characteristics of such a 
machine are shown by Curve (4). It will be noted that 
the performance of such a steam turbine depreciates 
rapidly. By carrying this procedure to the Limit Ex- 
haust Flow at Maximum Effective Vacuum, the 
pability would have the characteristics shown by 4A 
5. A steam turbine can be designed to pass a throttle 
flow corresponding to the Limit Exhaust Flow. Fig. 
21, Curve (6), shows the performance characteristics of 
such a unit. The exhaust flow would be the same as for 


as discussed 
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Fig. 21—Relative heat rates of peaking steam turbines 
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NECESSARY DESIGN MODIFICATIONS 3. INCREASING EXHAUST FLOW BY OMITTING HEATERS 
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Fig. 22—Comparison of peaking steam turbines 
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the turbine utilizing the by-pass system under 4A Che performance as indicated by Fig. 21 incorporates 
Che approximate capacity of the unit shown in Curve this by utilizing improved vacuum at the lower flows. 
5) of Fig. 21 1s given by Fig. 6 
The characteristic blade paths of the machines dis 
cussed in Items | to 5 of Fig. 21 are shown in Fig. 22 
While it must be understood that the scale of these il 
lustrations is not exact, they are fairly representative 


COOLING WATER TEMPERATURE 


ABS 


of what must be done to the steam turbine to accom 


IN. HG 


plish the end results as described in Items | to 5. 

Phe provisions, which must be made by the turbine 
designer to accommodate the larger flows required to 
get the greater output, become apparent from this pre 
Sentation 

\n interesting by-product of the situation covered by 
Items | to 5 is shown mm Fig. 22 This illustrates the 


CONDENSER PRESSURE 
VS. 
PERCENT FLOW 


CONDENSER PRESSURE 


vacuum characteristics of a condenser designed under 
the rules by which Fig. 9 was established. Consider a 
condenser with Minimum Required Surface for Maximum 7 75 
Effective Vacuum to be operated at other than design PERCENT FLOW 


flow. Fig. 23 shows the resulting vacuum at percentages Fig. 23—Vacuum characteristics of peaking condensers 


of design flow for different cooling water temperatures 
rhe breaks in the lines of constant cooling water tem 


) . . tT . . 
perature result from the application of one and two cir Stones Turbines for Boiler Feed Pump Dr 
culating pump operations. In order to get the most 


economical condenser for peaking service, the velocity While Fig. 21 is expressed in relative net heat rates 
through the condenser tubes 1S increased at maximum and includes an allowance lor the diffe rence in power re 
flow. By dropping out one circulating pump at flows quired to pump the boiler feedwater, no reference has 
velocity been made to the boiler feed pump drive Fig. 24 shows 


below 75 per cent of maximum flow, the 
two longitudinal sections of typical feed pump drives 


through the tubes is reduced appreciably. In addition, 
the use of one circulating pump at light loads saves on The upper section shows a typical non-automatic 
which may either 


the pumping power with attendant improvement in extraction, non condensing turbine 
take steam from the cold reheat point or from the main 


pertormance 


NON CONDENSING 
CONDENSING 


Fig. 24—Steam turbines for boiler feed pump drives 
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Fig. 25-22 mw peaking gas turbine-generator 


steam header. This steam turbine exhausts into the 
lower stages of the main steam turbine. 

The lower section shows a typical condensing turbine 
which exhausts into the main condenser. The advantage 
of this type of steam turbine lies in the fact that the ad- 
ditional exhaust annulus adds to the potential load 
carrying ability of the system. 

The advantage of the turbine driven boiler 
feed pump is that it may be operated at variable speed 
over the load range to better conform to the pumping 
Also, for the variable 


steam 


requirements of the system. 


ON BITU/HR 
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Fig. 26—Capabilities of gas turbines 


COMPARISON OF TOTAL HEAT 
IN GAS TURBINE EXHAUST 
FOR FIRED AND UNFIRED OPERATION 
VS. 
OUTPUT AT 80 F AMBIENT TEMPERATURE 
FOR 
RANGE OF AVAILABLE GAS TURBINE MODELS 


pressure requirements, the variable speed character- 
istics of the steam driven boiler feed pump is advan- 
tageous. 

The application of the steam driven boiler feed pump 
usually necessitates the use of a motor-driven boiler 
feed pump for starting the plant. By taking advantage 
of the proper proportioning of this motor driven boiler 
feed pump, the steam driven boiler feed pump may be 
shut down at the lighter loads. The elimination of the 
steam driven boiler feed pump from the cycle under 
these conditions will improve the overall performance of 
the cycle. 

It must be understood that the 
Fig. 21 is an approximation and cach specific case must 
be norked out on its own merits. 


presentation shown in 


Gas Turbines for Peaking Service 


The gas turbine has excellent characteristics for ap- 
plication to peaking service, particularly where the fuel 
used is either gas or oil. Even for those cases where coal 
is the basic fuel, the utilization of a gas turbine to carry 
peak loads with either oil or gas may be economical. 
Fig. 25 is a cross section of a 22 Mw gas turbine showing 
the arrangement of the compressor, combustors, gas tur- 
bine, generator, exciter and starting auxiliaries. This 
unit is designed specifically for peaking service. 
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Fig. 27—Heat liberation capability of gas turbines 
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COMBINED CYCLE 
UNPRESSURIZED FURNACE 


Fig. 28—Combined cycle (unpressurized furnace) 


Fig. 26 gives an indication of the range of capabilities 
possible with existing gas Any given 
point will depend upon the actual physical proportions 
The curve 


turbine frames 


of design of the specific gas turbine involved. 
has been prepared to show the resultant heat in the ex 
haust of a conventional open cycle gas turbine. This 
information is presented as a function of ambient or inlet 


temperature ol the air to the gas cycle 


Cycle for Peaking Service 
(Conventional Steam Generator) 


Combined Steam and Ga 


One promising application for the solution of the peak 
load problem is the combination of the steam and gas 
turbines in the generation of This application 
involves the integration of the power generating equip 


power 


ment and the heat liberating equipment 

Fig. 26 of large quantities 
available as 
It is recognized that in order to regulate the tem 
hot gas to the gas turbine, it 


s Nn 


possibilit y 


suggests the 
of heat a by-product of the gas turbine 
cycle 
perature of the is neces 
excess air As a result 


exhaust from 


sary to use large amounts of 
of the use of air in tempering the gas, the 
the gas turbine is high in oxygen 

\ssumung that fuel is mixed with the normal exhaust 
of the open cycle gas turbine, it is possible to provide 
large quantities of heat liberation and, at the same time 
utilize the heat which is in the exhaust gases of the gas 
turbine. Fig. 27 shows the potential heat liberation from 
the products of combustion with 10 per cent excess air 
and a natural gas fuel 

Fig. 28S shows a possible means of utilizing this addi 
tional heat release at specific points in the steam gen 
erator. This combination might be effective in providing 
for the special requirements of the special steam turbines 


for peaking service as illustrated in Fig. 21 


Cycle for Peaking Service 


sed Steam Generator) 


Combined Steam and Ga 


(Pri ss 


The most effective use of the combined steam and gas 
cycle appears to be in the total integration of the equip 
ment. In such an application, the gas side of the steam 


generator would serve as the combustion chamber for 
the gas turbine 
ber of the steam generator would tend to reduce the size 
of the a given output. Also, in 


creasing the degree of pressurization for the steam gen 


Pressurization of the combustion cham 


steam generator tor 
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COMBINED CYCLE 
PRESSURIZED FURNACE 


LLé 


Fig. 29—Combined cycle (pressurized furnace) 


erator may result in an increase in the heat release to 
be used in the generation of steam during the periods of 
peak load operation. 

A gas turbine using solid fuels is not considered as 
practical at the present time. Problems associated with 
the gas turbine, which must of necessity take the prod 
ucts of combustion from the steam generator, have not 
been solved. The effects of the fly ash on the gas turbine 
blades would result in questionable reliability. Chem 
icals in the combustion gases passing through the gas 
turbine would have a detrimental effect on the internal 
elements of the gas turbine. 

While the status of the art discourages the use of 
solid fuels in the totally integrated steam and gas cycle 


there appears to be no great obstacle in the use of natural 
Fig. 29 would be typical of such a plant 
normal fuel 


gas or fuel oil. 
which might be used in an area where the 
burned is either oil or gas. 

The advantages of the pressurized combustion cham 
ber of the combined steam and gas cycle might further 
be enhanced by the application of a “once through 
principle to replace the conventional drum of the con 
ventional steam boiler. With control of the pressure ratio 
at which the gas turbine operates, the heat release of 

within the 
With the “once through 


principle of steam generation, the control of temperature 


the boiler might be increased confines of a 


given combustion chamber. 


and the choice of pressure would make it possible to 
some of the steam turbine features previously 


These combinations might offer some pos 


utilize 
discussed 


sible solutions of the problem presented by peak loads 


Conclusions 


Che information presented in this paper should give 
power plant designers and operators a better under 
standing of the components comprising the steam power 
cycle 

There are relative to the 
ability of equipment to perform beyond its design limita 
tions. <A better knowledge of the fundamental 
siderations should rationalize such misunderstandings. 

These discussions provide a straightforward approach 


musconceptions overall 


con 


to the disclosure of available potentialities in solving the 
problem of ‘Peaking Power.”’ 

The cooperation of our generator designers in the East 
Pittsburgh Works is acknowledged. 
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By IGOR J. KARASSIK* 


Worthington Corp. 


The boiler feed pump and its associated equipment 
represent a major operating and maintenance con- 
sideration in today’s power plant. Here we run in 
question and answer form a series of clinic sessions 
on various boiler feed pump problems. The replies 
are the work of one of the topmost pump authorities 
and give specific information which we hope will 


prove valuable to our readers. 


Steam Power Plant Clinic—Part XVI 


QUESTION 


We have an installation of two 100 per cent capacity 
boiler feed pumps, one of which 1s on standby service. 
They are designed for 700,000 lbs per hr and 1200 psig 
discharge pressure. The minimum flow of these pumps is 
100,000 lbs per hr. The minimum flow control valve opens 
when flow is reduced to 100,000 lbs per hr and stays open 
until the flow reaches slightly above 200,000 lbs/hr so as to 
avoid hunting. t that increased flow it will close suddenly. 
This imposes a severe step input to the control system and if 
the pumps are on hand control, requires immediate cor- 
rective action. Is the expense of proportioning the amount 
of recirculation not justified? 

I would also like to know why we could not utilize the 
feedwater flow nozzle in the discharge piping after the heaters 
instead of installing a separate orifice in the pump suction or 


W.O.F.) 


dise harge line: 


ANSWER 


Unfortunately, there is no simple means to avoid this 
problem if an open-and-closed recirculation valve is 
used. Its existence has led in a few cases to the installa- 
tion of modulating control valves which maintain the 
sum of the flow to the boiler and of the recirculation by- 
pass flow to the minimum specified by the pump manu- 
facturer. The difficulty of this arrangement arises from 
the fact that the modulating valve is called upon to 
handle variable flows all the way from the full value of 
the minimum recirculation flow down to zero. Thus, 
the valve may be throttling off a pressure from a negligi 
ble 50 psi (when it is wide open) to a maximum of full 
shut-off net pressure of the pump (when it is almost com- 
pletely closed off). This leads to a high rate of valve 
wear and a possible source of high maintenance expense. 
In the past, I have heard of modulating valves which 


* Consulting Engineer and Manager of Planning, Harrison Div 
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would not last more than a few weeks on such severe 
service. 

I have been told recently, however, that several valve 
manufacturers have developed new designs which are 
better able to stand up under this type of service. You 
may therefore wish to contact some of these manufac- 
turers and inquire what may be available today. 

One possible solution to reduce the shock of the full 
change of flow is to use two orifices in parallel, each 
equipped with its own open-or-closed by-pass valve and 
to provide sequential operation for these valves as the 
need arises. The shock to the system will be less severe, 
but the installation is somewhat more expensive. 

If, as in your case, 100 per cent capacity pumps are 
involved, the feedwater flow nozzle in the discharge 
piping can certainly be used to actuate a minimum flow 
signal instead of installing separate flow orifices in the 
pump suction or discharge lines. There is, however, a 
distinct risk introduced whenever the standby pump is 
brought on the line to replace the pump which is running. 
If the transfer takes place while the demand of the boiler 
is in the low range and pump operation is taking place in 
the relatively flat part of the head-capacity curve, one of 
the two pumps could back the other pump off the line 
and the check valve in the discharge of this latter pump 
will close. This pump could suffer severe damage since 
the main flowmeter cannot distinguish from which pump 
feedwater is delivered to it. 

Of course, there is a means available to avoid this 
danger. It would consist of a relay introduced into the 
operation of the individual by-pass valves which would 
maintain these valves open regardless of flow as long as 
both pump drivers are energized. This would not lead 
to any waste of power since the period of time during 
which both pumps are on the line is insignificant in the 
case of 100 per cent capacity pumps. 


(Continued on the following page) 





(OUI STION 


I have read a number of your articles on the effect of sudden 
main turbine load drops or trip-outs on the conditions pre 
uction of boiler feed pumps which operate in 
You have developed a method for 
calculating both the allowable and actual rates of pressure 
decay in the deaerator from which the pumps take their suc 
tion. But in the final analysts, the question of whether cir 


vailing at the 


open fet dwater cycle 


cumstances are or are not favorable hinges on the behavior of 
the feedwater flow immediately following a drastic reduction 
in load. Is there any accurate and dependable means to 
predict this behavior? 


ANSWER 


Chere may be such means available, but unfortunately 
I have not yet been able to develop this. Instead, one ts 


forced to resort to various approximations based pri 
marily on past experience with boiler controls similar to 
There are 
in addition, as you will presently see, certain general as 


assumptions which can 


those being provided for the unit under study. 


sumptions which can be made 
be as pessimistic or as optimistic as the designer is in 
clined to be 

As a matter of fact, it was mainly because of the diffi 
culties of evaluating the exact behavior of the feedwater 
flow load that my 
colleagues and I developed a method of comparing al- 
rates of decay which postpone the 
Thus, all the calcula 
tions of these two rates proceed independently of a de 
cision as to the exact value of the feedwater flow a/ter the 
similar to that 
\fter this, consideration is given to 


following a sudden reduction in 


lowable and actua 


determination of this behavior.* 


load drop, and a curve is constructed 
shown on Fig. | 
whether the maximum flow after load drop will or will not 
exceed the maximum safe value indicated by the inter 
section of the a//lowable and actual rates of pressure decay. 
when the 
feedwater system is provided with a two- or a three 
the feedwater flow will not 


flow 


To begin with, we must realize that even 
element feedwater regulator 
follow the 


reduced 


instantaneously steam as soon as the 


steam demand is Because of the time lag 
which exists between the reduction in boiler demand and 
that of the fuel burning rate, and because of the heat re 
serve in the steam generator, there is a momentary rise in 
with the resultant collapse of some of 
bubbles in the boiler drum and a 
level. This reduction in 
level overrides to some degree the impulse from the 


Cherefore, there will generally be 


the boiler pressure 
the steam and watet 
lowering of the boiler drum 
change in steam flow 
a definite lack of correlation between feedwater and steam 
flow following a sudden drop in load. The exact degree 
of the difference two flows will depend 


upon the particular type and setting of the feedwater con- 


between these 
trols and upon the characteristics of the regulator. 

\s an example of the variations which may occur, some 
feedwater regulator controls incorporate a bias in the 
effect of the drum level impulse upon the positioning ot 
the feedwater regulator valve By means of this bias, the 
boiler drum level at low loads ts permitted to fall some 
level at maximum load, 


six to twelve inches below the 


inder Transient Operating Condition 
vorth and Warren D. Elston, presented at 
tochester, N.\ Worthington Reprint 


ALLOWABLE 
PRESSURE 


i RATE 


ACTUAL 
PRESSURE 
DECAY RATE 


ONS PUMPED 


LZ 





OO GALL 


N FEET PER 


i 
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Fig. 1.—Comparison of pressure decay rates following a sudden, drastic re- 
duction in pump load 


rhis mitigates to some degree—but not entirely —the 
effect of boiler drum shrinkage after a load drop 

Until recently, I had only one completely documented 
case of sudden load drop on which I had full data on the 
behavior of the steam flow, feedwater flow and drum 
level. The test had been carried out on a 100,000 kw, 
1450 psi throttle pressure unit and the turbine load had 
been reduced almost instantaneously from 117,500 kw 
to 28,000 kw. The recorded values of steam and feed 
water flows and of drum level are reproduced on Fig. 2 
This installation was provided with a bias in the feed 
water regulator controls and had there not beea a pro 
vision for such a bias, the sudden upswing in feed 
water flow which took place after the first minute would 
have been even more violent and would have taken place 
earlier. 

In my search for additional documented material, | 
contacted a number of my utility friends with a request 
for charts after sudden load reductions. | 
must state that the response was immediate and most 
Unfortunately, two factors have united to 


obtained 


cooperative 
prevent me from deriving accurate and dependable con 
clusions on the behavior of the feedwater flow: 

(1) The charts that were supplied to me were stand 
ard 24-hour charts and therefore flow behavior over a 
total duration of some two or three minutes is difficult to 
analyze. (I should mention that the data reproduced on 
Fig. 2 were obtained from a “‘souped-up”’ chart mecha 
nism, with a 60 to 1 speed-up gear which transformed the 
usual circular chart into a 24-minute one) 

2 There was no correlation whatsoever in the charts 
I received with the data provided on the type and setting 
of the feedwater controls. In other words, there were al 
most as many variations in the behavior of the feedwater 
flow as there were documented cases. 

For general interest, I have reproduced in 
through 5, a group of three charts which are quite typical 
of the dozens which were supplied to me. You will agree 
that it would be difficult to make any general rules with 
regards to the relation of feedwater flow to steam flow 


Figs. 35 


from these data 

I mentioned earlier that certain general assumptions 
can be made with regard to this relation If one were to 
be extremely pessimistic, one could assume that no re 
duction of feedwater flow whatsoever would take place for 
several minutes and, as a matter of fact, that the feed 
water regulator valve would swing wide open. In this 
position, the feedwater flow would probably exceed the 


normal flow corresponding to the rated maximum turbine 
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load. The exact pump capacity would then correspond 
to the intersection of the pump Head-Capacity curve 
with the system-head curve constructed with jeedwater 
regulator valve wide open. This capacity can then be 
compared to the maximum safe capacity determined as 
on Fig. 1 and a decision can then be made regarding the 
relative safety of the installation. If this decision is 
marginal, one can choose between taking a slightly less 
pessimistic position regarding feedwater flow behavior 


DATA OCTOBER 


LER OPERATING CONDIT 
700,000 LB/HR 
O10 DEG F, REHEAT 


822 Ps 


DEG F 


N MINUTES 
LOAD REDUCTION FROM 106 MwT 2w) 
Fig. 4-5—In an attempt to gain more documented data such as Fig. 2 the 
author has soughtand obtained several charts of load reduction experiences 
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CURVES PLOTTED FROM RAPID LOAD OROP DATA SEPTEMBER 2) 
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7 








7 q 6 
TIME IN MINUTES 
(LOAD REDUCTION FROM BO OMW TO O MW 
Fig. 3——Above chart is a companion to Figs. 4—5 
i 
Fig. 2.—Steam flow, feedwater flow and drum level were charted by means 
of “souped up” chart mechanism with a 60-1 speed up gear. This makes 
the chart a 24 minute one and the swift changes in flow and drum level 
from the sudden load drop is accurately pictured 


and providing some protective controls which could save 
the situation if actual events coincide with the original 
assumption. 

If a more optimistic approach is desired, the designer 
can make a study of other units in his system which have 
comparable feedwater controls. From this study, he can 
make some approximation as to what he may expect as a 
maximum feedwater flow value following load reduction. 


(Continued on following page) 
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The above are typical. The problem, however, is one of correlating the 
pictured data with the type and setting of feedwater controls 
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Tue Crinic MAILBOXx 


In your article for the Steam Power Plant Clini 
Part 1X, published in the June issue of Combustion Maga- 
zine slated that you would be pleased to receive in- 


formation on measured temperature rise as @ means of 


you 


controlling boiler feed pump recirculation. 


recirculation 


sful installation of 


Hagan has a 
control based on measured temperature rise, presently in 
stalled at Unit No. 3, Will County Station, of the Com 


monwealth Idison Co 


SUCCES 


R. P. Oelschlager, 

Manager, Proposal Engineering 

Hagan Chemicals & Controls, Inc. 

Ihe surest way to always being right is to never say 
or at least never to state anything categoric 
necessarily the best way of either 


anything 
ally But this is not 
learning anything new or of transmitting information 
that may The alternative is to 
present the latest information one has at hand and hope 
that any inaccuracies may be of an insignificant character 
and/or that you are promptly corrected by your readers. 

And so it has fortunately been in the case of an answer 
of mine published in the June 1959 CoMBUSTION in the 
Steam Power Plant Clink I had stated that I had no 
direct knowledge of any boiler feed pump installations 
embodying temperature controls to actuate the 
minimum flow I had explained this by 
the fact that temperature rise controls have an apprecia 
ble time lag in registering a temperature rise such that 
This time 
lag could lead to dangerous operation of the boiler feed 


be of value to others 


rise 


recirculation 


the recirculation by-pass must be opened 


pump at extremely low flows. 

After publication of this particular Steam Power Plant 
Clinic, a letter from Hagan Chemicals and 
Controls, Inc installation of 
recirculation temperature 
large This 
installation, I am told, has been in operation for the past 
year and one-half 

I am advised that the potential problem of the time 
lag is met by the use of high-speed thermocouples and by 
measuring the discharge temperature in the leak-off 
water boiler feed pump device 
Finally, the use of a combination of electronic and pneu 


I received 
pointing to a successful 
measured 


central 


control based on 


rise m a steam-electric station 


from the balancing 
matic controls further provides for rapid response. 

I also received a letter from the U.S representative ol 
the British firm of control 
Hopkinsons, Ltd 
circulation controls have 
Great Britain 
dual set of controls is generally used in Great Britain so 
that the impulse given by the temperature rise is backed 
Whether such 
double protection is justified is difficult to say 


IGOR J. KARASSIK 


valve and manufacturers, 
indicating that temperature rise re 
been quite widely utilized in 


I note, however, in this last case that a 


up by a conventional flowmeter control 


We have of articles on the subject of anti 


flash baffling with deaerators including the 


read the S?rLES 
recent article 


appearing in the February issue of “‘Combustion” and we 


have the following comments: 


Referring to the “Steam Power Clinic’ articles, and 
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Mr. P. H. Hardie’s recent article appearing in the February 
issue of COMBUSTION, these questions and answers on the 
subject of “Anti-Flash Baffling’’ 
interesting and informative. 

It ts recognized that the value of anti-flash baffling 
is questionable in some cases, although as reported by 
Mr. Hardie and others, there been installations 
in the past which reported boiler feedwater pump flashing 
problems that were corrected by the addition of anti-flash 
baffling. As a matter of fact, one of the deaerator manu 
facturers corrected one of their installations by installing 
such baffling which prompted other deaerator manufac- 
turers to incorporate this feature in their power plant 
plant deaerators. 

From the arguments contained in the above-mentioned 
articles, it would appear that the use of anti-flash baffling 
is unnecessary and even detrimental, particularly where a 
Worthington Pump is being used. However, perhaps the 
conditions will not affect other pump 
manner where npsh requirements 
considerations that will 


in deaerators are very 


have 


same operating 
designs in the 
differ Also, 
affect the 
operating 
referred to in these articles 
operating which 
countered in most deaerator installations 

I do not agree with the author that stratification of the 
deaerated water storage in the storage compartment can 
occur with various temperature gradients. Under 
mal operation, there is a thermal potential that would 
exist in the storage tank where heat would flow from the 
a circulation and 

Therefore, the 


same 


there are other 


problem, such as size of outlet piping, plani 


installation 
and unusual 


7 he 
is @ very 


conditions, etc. Japanese 

SevVeETE 
j7 

normally be en- 


condition would not 


nor- 


hot water to the cooler water to cause 
mixing of the deaerated 
water temperature should be fairly uniform. 

It does not state that antt- 
flash baffling should be completely eliminated on any and 
all installations. Much work experimental 
data must be done on many different conditions, before 
it can be said that this baffling should be, or should not 


walter storage 


seem wise to unequivocally 


more and 


be eliminated. 


RALPH M. LEMEN 


Manager, Heat Transfer Section 
THE PermMutTiT Co. 


Editor's Note 

From time to time as mail reaches us 
shall 
publish and where possible also carry 


Ur Karasstk’ s ré ply 


on the various Clinic subjects we 


May 1960 / COMBUSTION 





American Power Conference 
in Review—I 


The twenty second annual meeting of the American 
Power Conference was again held at the Sherman Hotel 
in Chicago, March 29-31, inclusive. Registration was 
excellent again with about 3000 in attendance. 


Central Station Plant Design 


The following were not presented at any single session 
but their subject matter, to our way of thinking, lent 
themselves to this grouping. 

The ‘Problems in the Design of Concrete Chimneys”’ 
was presented by David O. Thompson, Commonwealth 
Edison Co., and Max Zar, Sargent & Lundy. During 
the past decade, the desire for increased pollution control, 
which requires taller stacks, made the concrete chimney 
competitive. Fortunately, by this time, methods of 
concrete control had greatly improved and the American 
Concrete Institute, after an exhaustive study, prepared a 
new rigid specification which became a scientific guide for 
all concrete chimney design in the country. 

About two years ago the utility industry became aware 
of chimneys which were showing external streaks. These 
particular chimneys happened to be operating at positive 
pressure and this led to the belief that only pressurized 
chimneys have pervious linings. The change from nega- 
tive to positive pressure occurs at about 75 fps exit ve- 
locity 

A research committee was set up to solve the leaky 
chimney problem. At the first meeting it was decided to 
take core samples from the shell with the stains and, just 
to prove that there would be no trouble, to core one of the 
negative pressure chimneys. Negative pressure chimney 
linings do not leak, the observers found, but the acid 
attack seems to be about '/; as fast as for pressurized 
chimneys. 

All the well-known protective coating manufacturers 
were contacted in a search for a coating that would 
withstand temperatures up to 350 F, liquid HS2O, varying 
from 5 to 70 per cent and the abrasion of fly ash at a 
velocity of at least 120 fps. Abrasion resistance becomes 
a factor for coatings in the gas stream. 

sreechings, it was noted, which are unlined but have 
exterior insulation have been trouble-free for many years 
even with coal averaging 4.5 per cent sulfur content. 
Why not then install an insulated steel lining in a chimney 
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This approach 
Below we 


and produce, in effect, a long breeching ? 
has been tried at Commonwealth Edison. 
present the authors’ conclusions. 

All of the present type of corbel supported brick lined 
chimneys will probably leak gas. 

Sodium silicate mortar should not be 
likely to reach a temperature of 50 F or less within 8 hr 
after installation of the brick because it flows out of the 
joints at the lower temperatures and weakens the lining. 

Existing brick linings can be made “‘leak tight’’ by fol- 
lowing a procedure given in detail in the paper. 

With the coating materials which have been or no 
doubt will be developed, the authors foresee several 
methods of constructing chimneys: (1) A redesigned 
concrete shell coated but with no insulation or lining 
(limited to the few short, large diameter installations). 
(2) Steel lining with attached insulation. No coating on 
concrete shell but the exposed surface of liner may be 
coated if operating experience indicates necessity. 
(3) Redesigned corbel to eliminate troublesome corbel 
blocks. Encapsulated insulation with brick shoved 
against the tacky final coating on insulation. (4) 
Independent brick lining. 


used if it is 


J. L. Menson, W. L. Harding and E. P. Petit, Combus- 
tion Engineering, Inc., chose as their paper ‘‘Pre- 
dicting Tube Life in High Temperature Boiler Installa 
tions.’’ In high temperature installations where tube 
wastage develops this situation is not basically a Boiler 
Code problem for several reasons. The first is that the 
Boiler Code is essentially a safety code and in modern 
boiler design, the rupture of a superheater or a reheater 
tube seldom constitutes a safety hazard to personnel. 
The second and more basic reason is that the solution to 
the problem does not lie in any modification of either the 
Code design rules or the allowable stresses. The cir- 
cumstances of tube wastage are extremely variable. 
The owner of a boiler in which some tube wastage is oc 
curring is, therefore, confronted with a problem for which 
the Code rules provide essentially no guidance. 

This paper describes methods to provide a reasonable 
basis for predicting the life before rupture of tubes in 
which wall reduction by wastage has been measured: 
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he first step is a review of all available data on rupture 
ind stress for the particular tube 
material involved. By trial 
term in the Larson-Miller parameter, it has been found 


life vs. temperature 


ind-error selection of the C 


practical to correlate this rupture data as a straight line 
rhe second step, the evaluation of wastage occurring 1n 
a particular boiler, is most readily established by careful 
measurements of the outside diameters of the tubes and 
comparison with the initial tube size as installed 
Che third step is to calculate the stress in the tube wall 
ASME Code formula used 


his is done by the same tubs 


in the initial boiler design 
Phe fin il concept needed to tr toge ther this evaluation 
strength and the increasing applied 


Phis 


of material rupture 


stress is the “fraction of rupture life’’ hypothesis 
states that spending a time interval Af at some stress o 
ind a constant temperature will consume a fraction F of 
the total life such that /: Att If the 
material is subjected to a number of stresses (a), @ 

Al,, Abs, 
irious fractions of life reaches 


to rupture 


), rupture will 


for various time intervals 


occur when the sum of the 


unity 


J.C. Beres and R. W Potts, Commonwealth Associates 


Inc., teamed up to present the paper, “Selection of Boiler 


Feed Pumps and Drives In the paper the authors give 


the results of a study that was made in selecting the most 


economical boiler feed pump and drive arrangement for a 
265,000 kw unit, one of two to be installed at a location in 
the Great Lakes region 


1050 F 


Steam conditions for these units 
it the throttle and 1000 F reheat 
ShOO rpm cTOSS compound tour flow 


are 240,000 psig 
Each unit will be a 
typ Che first unit 1s sclieduled to be placed in opera 
tion in 1962 and the second in 1963 

\s a 
established 


(1) The net kilowatt capability with any of the boiler 


basis for evaluation, the following criteria were 


feed pump drive irrangements to be the same 


y 4 \n average unit « ipacity factor of 0.66 tor 30 Veal 
life 

3) Expected coal cost of 40 cents per million Btu at 
the startup date and increasing at the rate of 2 per cent 
ur lite 
t) Comparable reliability of arrangements as far as 
When 
for the inticipated dill rence in down time is applied 

») Main driven off 


turbine 


per year for the 35 ye 


possible this is not possible, an outage penalty 


generator exciter to be 


shaft 


turbine 


the main generator with any boiler feed 
pump drive arrangements 
ita rate of 15 per cent 


pumping 


‘> Fixed charges to be 


Since various combinations of boiler feed 
equipment have been proved to have comparable relia 
lirst 


combination 


determine the most 


three 


bility, a study was made to 


economical with each of the bast 


drives These in turn were compared to arrive at a 
final selection 

Che most economical motor drive arrangement would 
400 constant 


ISOO rpm motor through a 


be with two one-half size, rpm speed 


pumps, each driven by an 
speed mcreaset 

The arrangement with two one-half size auxiliary tur 
teed 


auxiliary steam turbine drive arrangement, and the most 


bine-driven boiler pumps was selected as_ the 


flexible and economical turbine-generator shaft drive ar 


rangement was held to be with two one-half size, 3600 


a4 


rpm pumps each driven through its own fluid coupling. 
These three selected boiler feed pump arrangements, 
with a different method of drive, were next com 
pared. A table showed the variations in the basic speci 
fications for the turbine-generator and for the associated 
pumping equipment on the basis that the net kilowatt 
capability of the turbine-generator would be the same 
with all three boiler feed pump drive arrangements 
Keeping the net capabilities the same required a mini 
mum of major power cycle equipment changes and, thus, 
comparison of the boiler feed pump drive arrangements 


each 


was greatly facilitated. 
\ second table showed the 
and 


equipment costs, excess 
differences of the 
It is evident from the table 


cost differences penalty cost 
selected drive arrangements 
that the main turbine-generator shaft drive arrangement 
is obtainable at a cost reduction of $229,500, compared to 
the motor-driven arrangement and at a cost reduction of 
$178,000, compared to the auxiliary turbine drive ar 
Ihe shaft driven variable speed pump ar 
unlike the motor-driven 


pump arrangements, have no generator, transformer and 


rangement 


rangements, variable speed 


motor losses to add to the power requirement. 


Ernest A. Sticha, Edward Valves, Inc., covered ‘Struc 
tural Stability of Commercial Wrought Austenitic Steels 
for Power Plant Piping to 1450 F. Austenitic steels in 
high-temperature power piping systems lose impact re 
sistance because of structural changes taking place during 
Data previously available did not reveal the 
ultimate extent to which properties deteriorate. About 
eight years ago, the Edward Research and Experimental 


Laboratories started a program to fill this data gap with 


service. 


meaningful tests under carefully controlled conditions. 
he auther’s summary stated 
(1) Commercial grades of austenitic steels may lose 
considerable room-temperature impact resistance during 
long-time, high-temperature exposure. 
2) Loss of impact properties 1s usually greatest at 
1450 F (the but this 
varies with composition, ete. Alloys such as Type 321 
1250 to 1350 F 


3) Deterioration of properties in the early stages ol 


highest temperature of testing 


ind 316F show greatest loss in range 
exposure is due to carbide precipitation and is relatively 
minor rhe greater losses produced by longer aging are 
the result of sigma formation. 

t rhe extent to which impact properties degenerat 
seems to be a function of composition, with alloys of 
lower chromium equivalent showing less loss 

(5) Impact characteristics of aged samples vary with 
test temperature, the values being lower at subnormal 
temperatures and higher above ambient 

6) Steels less susceptible to embrittlement by ele 
vated temperature exposure may be obtained by lower 
chromium content, either directly or in 
directly by higher carbon and/or nitrogen in the steel. 


7) Phase diagrams showing the limiting chromium 


equivalent 


content for sigma formation to be about 18 per cent may 
have to be revised to a lower limit 

8S) A higher molybdenum austenitic steel, Type 317, 
suffered catastrophic oxidation at 1350 and 1450 F after 
about 46,000 hr. 

9%) Surface attack, probably nitriding, was noted in 
some of the steels aged at 1450 F but none was observed 
at 1350 F after 49,000 hr exposure. 
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Wm. E. Wendover of American-Standard Industrial 
Division, spoke on future applications of “‘Mechanical 
Draft Fans. Speaking of the trend of fan requirements, 
Mr. Wendover said that since 1950, pressurized firing has 
been increasingly favored so that today the majority of 
boilers use this method. Three or four forced draft fans 
may be required on many larger units. 

Most boilers of 1970 will probably be 
Many will require four to six forced draft fans due to 
their large size 

The addition of heat recovery equipment and the use of 
higher velocities have caused a continual increase in fan 
pressure requirements. It is interesting to note that 
average fan power requirements per pound of steam have 
increased significantly since 1940, even though the types 
of fans now used are 10 to 15 per cent higher in efficiency. 

The author thought that these important areas of 
application need study: (1) optimum number of fans per 
unit, (2) method of capacity control, (3) fan design 
limitations, (4) fan noise, (5) equipment and ductwork 
layout 

Covering the number of fans per unit recent experience 
indicates that boilers generating four to five million 
pounds of steam per hour can be handled adequately with 
four fans of types commercially available. This would 
indicate that boilers of up to 1'/, million Ib of steam per 
hr capacity can be handled with one fan, or those of 2'/, 
million Ib of steam per hr with two fans. With today’s 
improved fan designs and fabrication methods, reliability 
of the draft system when properly instrumented and 
easily be as good as that of the other 


pressurized. 


maintained, can 
major components of a steam generating unit. 

On fan control methods the speaker thought that, 
historically, fan control methods have been evaluated 
first fan and control 
against reduced Present and 
future fan requirements however, call for a more erudite 


primarily by comparing cost of 


power savings at loads. 
treatment of control selection, with emphasis on some 
tangible control. One factor which 
should be investigated is the comparative cost and avail 
ictuate the fan control. Recently 

where the torque requirements of 


less features of 


ability of drives to 
there have been cases 
dampers or inlet vane controls on large high-pressure 
fans could not be met by commercially available standard 
control drives 

The noise level of today’s high pressure fans is becom 
he method of control used has a 
This 


ing more important 
marked effect on the 
will be discussed in detail in a later section. 

rhe inertia of the fan rotor may determine the choice 


noise level at reduced loads. 


between constant speed (damper or inlet vane) and vari 
able speed control. As boiler capacities and fan re 
quirements increase, the fans selected for best efficiency 
also increase in size. Maximum fan size is limited by the 
which fabricated and 
shipped by practical methods. 
be split into convenient pieces for shipping, but it is un- 
likely that highly stressed rotors will ever be shipped in 
parts for assembly in the field 

During the next decade, we can expect to see shipped 
a number of fan wheels in diameters of 10 to 12 ft, with 
Careful planning 
will be necessary to provide correct erection procedures 


size of assembled wheel can be 


Fan housings can always 


complete rotor weights up to 35 tons. 


and equipment for such fans. 
The control of noise from mechanical draft fans is now 
and will increasingly become one of the biggest headaches 
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in the field of application. The present state of the art 
is about where the dust collection art was thirty years 
ago. The problem is similar, for both are side effects 
and nuisances which cost money to correct, yet provide 
little return on the investment. 


Peaking Studies 


The currently heavy interest in the application of peak- 
ing units to established systems was given a full session 
treatment. 

Lester B. LeVesconte and Tor Kolflat, Sargent & 
Lundy, approached the problem with the paper ‘‘How 
Shall We Meet Peaking Requirements?” To correctly 
evaluate comparative costs and other merit factors of 
different types of peaking capacity, it is essential to deter- 
mine the magnitude of such extra peaking to normal load 
and unit size, the expected number of annual operating 
hours, the daily and seasonal duration of such peak loads. 
There are various design and manufacturing margins in 
corporated in major power plant equipment to insure 
equipment meeting the specified capacity and perform 
Sometimes additional capacity found is avail 
able by virtue of these margins. The different failures 
which actually occur in power plant equipment illus 
trate, the authors pointed out, that, in spite of all cal 
culations, there is still uncertainty or ignorance and the 


ance. 


owner must accept the risk. 

Another possible method of obtaining peak capacity is 
to purchase interim capacity from neighboring utilities. 
Based on average coal steam plant costs short time peak 
capacity might be purchased for about $20 per kw a year 
demand charge. In all cases, though, the cost of incre- 
ment capacity is about 20 to 30 per cent less than the 
average cost of a conventional steam power plant and the 
authors suggest a review of the comparative merit of peak 


capacity as an increase in size of contemplated units in 
However, where a large 
few 


stead of separate peak units. 
amount of peak capacity is required only for a 
months, and could be completely shutdown for eight to 
nine months, say, low cost, low efficiency units, sacri- 
ficing stack temperature, and feedwater heating, vacuum, 
etc., should prove attractive. The authors cited a study 
made for a 100,000 kw gas or oil fired unit which indi 
cated approximately 20 per cent saving in capital cost 
compared with an efficient unit of the same size. For 
new steam plants which are in the design stage, the 
authors believed it perfectly possible to obtain 10 to 20 
per cent short time peak capacity at a cost well below 
both average normal and incremental capacity cost. 
Messrs. Kolflat and LesVesconte then outlined certain 
of the possibilities and commented briefly on them. In 
the main these methods were: (1) shutting off of feed 
water heaters, (2) steam pressure increase, (3) bypass of 
turbine high-pressure end, and (4) change in fuel during 
peak hours. Following these possibilities which exist 
within the plant the authors mentioned in passing spe 
cialized peaking capacity methods such as pumped stor- 
age, gas turbines and the internal combustion engine. 


The next paper ‘‘Low-Cost Incremental Peaking 
Capacity” by F. A. Ritchings and R. R. Bennett, Ebasco 
Services Inc., opened with the comment that in the past, 
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each new generating unit a utility company installed has 
been generally at least as efficient as its immediate prede 
cessor. This philosophy has been justified economically 
by the availability of significant heat rate improvement 
at reasonable cost even though the more efficient new 
unit, by being base loaded initially, resulted in displacing 
each of its predecessors upward in the load-duration curve 
and reduced the use and average loading of earlier units. 


The industry is now at a plateau where further sub 


stantial reductions in heat rate can be accomplished only 
at a significantly greater cost and, at present, with per 
haps a lesser degree of reliability than experienced with 


currently installed units. Thus we must re-examine past 
Over the past two decades heat rate reduction 
has averaged about 3 per cent per year. The annual re 
duction in heat rate for the foreseeable future is esti 


mated to average only about | per cent per year. 


practices. 


As a result the economic solution for systems that al 
ready have a high proportion of their production facili 
ties in modern, efficient reheat units is to schedule in 
stallation of new units so that the present reheat units are 
held in the lower portion of the load-duration curve for 
a longer period of time. Since a peak presents only a 
few hours of operation at high system loads, the fixed 
charges on production plant investment for energy pro 
duction in this peak are many times more significant than 
the cost of operating labor, maintenance and fuel. The 
conditions the authors proceeded to describe are for a 
utility system having a 63 per cent average annual load 
factor. Many systems have a much lower load factor and 
it is obvious that the lower the system load factor the 
more pronounced these cost conditions become. 

here are several means by which capacity can be 
added to a system to meet a particular load service 
hey include (1) high-efficiency unit, (2) 
low-cost and relatively low-efficiency nonreheat unit, (3) 
peak-load units such as 
These 


base-load 


incremental-capacity units, (4 
diesel, pumped-hydro storage or gas turbine. 
various methods were then illustrated by special cases 
The authors provided a table which the 
estimated investment requirements for each of the dif 
ferent Phe 250-Mw unit with or 
without peaking capability is assumed to be a new plant 
the and 
steam generator are the averages of those obtained from 


summarized 
schemes « onsidered 


on a new site Prices for turbine generator 
the manufacturers while the costs were estimated for the 
other equipment and material affected 

From this tabulation it may be noted that, at present 
price levels, peaking capacity may possibly be obtained at 
an incremental cost of about $30 to $39 per kw for gas fir 
ing depending on the scheme selected 

rhis compares to the estimated cost of $102 per kw for 
the base plant 100-Mw 
gas-fired unit installed specifically for peaking purposes is 
estimated to cost $90 per kw rhis cost would increase 


to about $93 per kw for an oil-fired plant 


For comparative purposes, a 


rhe cost of a high efficiency reheat, gas-fired plant of 
325- to 350-Mw capacity instead of the 250-Mw unit con 
sidered was also estimated and the incremental cost over 
the base 250-Mw plant is approximately $75 per kw. 

In a coal-fired system where coal is also used for peak 
ing it is necessary to add pulve rized equipment and ex 
tend the coal handling equipment as substantial peaking 
capability is added to the base 250-Mw unit 
for this plant is estimated to be $36 to $41 per kw. 


rhe cost 


The 
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cost of the base coal-fired plant is estimated to be $122 
per kw. 

In a coal-fired system where oil is used for peaking, the 
incremental cost for obtaining peaking capacity is esti- 
mated to be $33 to $48 per kw except for Scheme G. In 
this scheme no additional pulverizing capacity is required 
to obtain the peak capability with coal firing due to the 
margins built into the base plant. However, when the 
peak is obtained with oil firing then additional equipment 
must be added. The incremental cost of Scheme G with 
oil firing is estimated to $41 per kw as compared to $39.50 
for coal firing at the peak. 

Since these costs are based on estimated prices for 
steam generator and turbine generator and recognizing 
that each situation will be accompanied by its own special 
circumstances, it is considered that the incremental cost 
of peaking capacity may be somewhat higher than indi- 
cated. 

The main disadvantage of these schemes is the decrease 
in heat rate at the normal turbine capability and also at 
lower loads. If the loss in heat rate is | per cent, then 
a capitalized cost of $250,000 is chargeable to these sys 
tems assuming 63 per cent load factor, $0.25 per million 
Btu fuel cost and 14 per cent fixed charges. This would 
raise the incremental cost per kw by $2.50 to $4 depend 
ing on the scheme selected but would still result in low 
incremental cost for the peaking capacity 


J. O. Stephens and B. L. Lloyd, Westinghouse Electric 
Corp., collaborated on the paper, ‘““The Economies of a 
22,000 Kw Peaking Gas Turbine.’’ The authors present 
in some detail the results of a specific analysis which was 
made on a system to answer this question: “Should the 
next unit be a gas turbine or should system expansion be 
The 

the 


continued by conventional base load steam units?’ 
paper then went on to describe characteristics of 
22,000 kw gas turbine plant included in the study. 

The procedure adopted for this evaluation was first to 
define the characteristics of the model system. Present 
loads, installed generation, and production costs were de- 
fined. Future load growth trends and a criterion for in 
stalled reserve were established. 

A base expansion pattern was developed for the next 
12 years with new generation requirements being met by 
a sequence of base load steam units. A peaking pattern 
was developed with the first unit being a block of gas tur 
bine capacity. This was followed by the same sequence 
of conventional units as in the base plan. 

Capital requirements and annual production costs for 
each of the 12 years were established for both the base and 
peaking plans. Comparison of costs for the two plans 
permitted evaluating whether the first block of gas tur 
bine capacity could be economically incorporated. 





Vote " 

Lhe major share of the papers abstract d 
at the Power Conference will be published in 
the next month s issue 


editor's 








LeRoy F. Deming, U.S. Navy Dept., Bureau of Yards 
and Docks, reported on ‘‘The Factory Fabricated Coal 
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Fired Boiler.’ Mr. Deming prefaced his remarks by 
saying that the Navy Department’s Bureau of Yards 
and Docks experience in the erection of field erected 
boilers indicated the following conditions: 

(1) The coordination of the delivery of principal items 
of equipment with the construction program, particu- 
larly when equipment was Government furnished, was 
generally not too successful. 

(2) Field erection was costly because of the multi- 
plicity of trades involved. 

(3) Scheduling of erection work was difficult, pro- 
ductivity of field labor was low and subject to interrup- 
tion by inclement weather, and it was difficult to main- 
tain a good quality of workmanship. 

(4) The factors all contributed to inefficient 
plants and costly maintenance, particularly in the lower 
capacity jobs in remote locations. Unsavory results 
were reflected by increased unit costs and lowered in- 
tegrity of the service the plant was intended to render. 
The that the above f 


above 


record indicates each of factors 
served as stepping stones to higher costs to the Govern- 
ment for the completed plant. 

About 1951 the Bureau of Yards and Docks adopted a 
standard specification providing for factory fabrication 
of oil and gas fired water tube boilers in capacities from 
10,000 to 27,000 Ib per hour. 

As a result certain specific benefits became available: 

|) The cost of the boiler delivered and erected on the 
owner's foundation was greatly reduced, in some in- 
stances as much as 50 per cent. Shipping time was also 
greatly reduced 

(2) Automatic controls of the types previously limited 
to boilers burning only natural gas or distillates were 
quickly developed together with necessary safety devices 
to provide fully automatic operation on residual fuel 
oil. 

3) Heat release rates formerly considered as maximum 
were found to be too conservative. Satisfactory opera- 
tion at much higher rates of heat release were found 
possible in the long narrow furnace dictated by shipping 
limitations. The specified maximum heat release has 
been modified upwards, in some cases as much as 75 per 
cent, and the maximum capacity available for railroad 
shipment has somewhat more than doubled for boilers 
conforming to the current military specification. 

While factory fabrication was adapted for oil and gas 
fired boilers, with the very favorable results enumerated 
above, the situation changed only slightly for the coal 
fired boiler in the same general capacity range. The un 
savory conditions enumerated in the early part of the 
paper still prevailed and until about 1954 the extension 
of automation to the coal fired boiler did not appear 
possible due to the excessive cost of adapting mechanical 
ash scavenging to the coal fired job. 

The Bureau purchased shop fabricated boilers equipped 
with newly available mechanical ash discharge spreader 
stokers and instituted a test and development program. 
Boilers of the longitudinal and transverse drum types 
were tested 

Mr. Deming summarized, as follows, the conclusions 
drawn from the test and development study 

(1) The development program initiated by the Navy 
Department, Bureau of Yards and Docks, has demon 
strated the feasibility of factory fabricated boilers 
equipped for spreader stoker firing of coal and readily 
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adaptable to oil as an alternate fuel in capacities from 
10,000 Ib per hr to approximately 45,000 Ib per hr. 

(2) Boiler performance in each instance exceeded de- 
sign expectations and indicates greater furnace absorp- 
tion rates are identified with the long horizontal fur- 
nace. Successful operation on a wide variety of coals 
also exceeded design expectations and indicates that 
factory fabrication does not in any way limit per- 
formance within capacities to which it is adaptable. The 
lower temperature of gases leaving the boiler indicates 
that increased limits on heat liberation are possible 
This condition is further confirmed by reports on two 
35,000 Ib per hr longitudinal drum D type factory fabri- 
cated boilers installed by another manufacturer in Ohio. 
These were also equipped with mechanical ash discharge 
spreader stokers, but grates are of the reciprocating self- 
cleaning type and the stoker was assembled in the field. 

(It should be noted, Mr. Deming pointed out, that the 
Bureau is considering discontinuance of heat release in 
terms of Btu per cubic foot of furnace volume as a criterion 
of design and substituting therefore a specified maximum 
rate of furnace heat release per square foot of radiant heat 
absorbing surface.) 

(3) Factory fabricated coal fired boilers equipped with 
spreader stokers have been quoted to prospective pur- 
chasers within the last year for $3.33 per pound of 
generating capacity. This is for the boiler and stoker 
complete with all fittings, accessories and automatic com 
bustion control, in the general capacity range of 50,000 
Ib per hr, delivered in the middle west. 

(4) Mechanical ash discharge spreader stokers factory 
fabricated can be purchased for approximately 25 per cent 
above the cost of dumping grate spreader stokers or of the 
side dump single retort stokers. This makes possible 
full automation in the lower capacity coal fired boilers, 
10,000 Ib per hr and upward. 

(5) Finally, the mechanical problem of fitting a factory 
boiler and stoker together in the field has been found to be 
so encumbered with difficulties of clearance, fit, and ad- 
justment that it is recommended no one should normally 
expect satisfactory results unless at least the first units 
of any design are fully fitted together in the factory be 
fore shipment to the field. 


Messrs. H. M. Reyner, Western Electric Co., and L. 
P. Copian, Riley Stoker Corp., presented a paper on 
“Slag Tap Boiler Performance Associated with Power 
Plant Flyash Disposal’ at the Fuels Session on Wednes 


day afternoon. The authors described how the problem 
of flyash disposal from pulverized coal-fired boilers is 
becoming increasingly difficult and more expensive. 
Many plants are sluicing their flyash into sloughs or 
waste areas and these areas are fast disappearing. For 
other plants the usual disposal areas, such as local quar 
ries, are refusing to accept flyash in the waste disposal 
area as the result of public sentiment. 

This problem became increasingly acute in 1955 and 
1956 at the Western Electric Co., Hawthorne Station. 

The authors noted that early in the design stage it be 
came apparent that the difference in the cost between 
flyash disposal and slag removal was large enough to 
make a boiler with slag tap design attractive. The ad 
ditional investment in auxiliaries for slag disposal was 
justifiable, and there was an additional advantage in 
reducing the nuisance associated with flyash disposal. 
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Cost 


CONSOLIDATED SAFETY VALVES relieve overpressures automatically 


at extremely low cost per pound of steam discharged 


Cost-conscious engineers provided maximum 
capacity in minimum flange size when designing 
the compact Type I511 Consolidated Safety 
Valve. This innovation makes it practicable to 
reduce the number and/or size of safety valves 
per boiler. You also have the advantage of 


smaller, less costly discharge piping. 


Fine blowdown adjustment, few working parts, 


and the positive tightness of optically flat seating 


MAXWELL 


A product of 


MANNING 
NI BOO 9 


Gauge and Instrument Division « 


Consolidated Safety Valve, 
Type 1511 Series. Cast iron 
hody. Maximum capacity for 
saturated steam. Sizes: 1 ; 
thru 6". Pressures to 250 psi. 
Temperatures to 450° F. 
{SME Standard iSME 
Tested. National Board 
Certified 


a 


add to the total economy of these tough, long- 
life valves. Get complete technical data and 
select from the Type I511 Series the Consoli- 
dated Safety Valves that best meet your needs. 
Write for Bulletin 730. 


Industrial distributors in all principal cities are 
backed by our convenient regional warehouses 
to give you prompt delivery on the Consoli- 


dated valves of your choice 


CONSOLIDATED SAFETY VALVES 


MANNING, MAXWELL & MOORE, INC. 


Stratford, Connecticut 


In Canada: Manning, Maxwell & Moore of Canada, Ltd., Galt, Ontario 
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This paper discusses some of the more important 
and interesting aspects in the use of a digital com- 
puter in a study to determine the economic signs of a 
condenser. 
denser engineers have been placed in the computer 
to obtain the total operating and investment cost for 
the 35-year life of the condenser. The condenser 
with the lowest summation of costs is then selected. 
This article has been divided into two parts. The first, 
presented now, deals almost exclusively with the 


The conventional formulae used by con- 


condenser selection problem. The seccnd part, to 
be published next month, gives the actual outline of 


data and formula for the condenser evaluation. 


Economic Sizing of Condensers Through the 
Use of the Digital Computer 


By 


AMI LEIDNER"’ 


Commonwealth Edison Company, Chicago, Illinois 


CONRAD E. PERSON" 


Commonwealth Edison Company, Chicago, Illinois 


MARION J. ARCHBOLD' 


Commonwealth Edison Company, Chicago, Illinois 


FRANK V. MIHOLITS"' 


Commonwealth Edison Company, Chicago, Illinois 


O PROPERLY size a condenser, consideration must Computer Selection 
be given to many variables as tube 
lengths and diameters, heat transfer surfaces, and 

water velocities, as well as turbine loads and circulating 


lo calculate just a few condenser 


using such 


There are a number of digital computers available 
throughout the country. The IBM 650 is probably the 
most widely used computer for engineering problems. 
This was the one first selected by our computer special 
ists, but it proved too small for this application. 

The problem was reprogrammed and then solved by 
the IBM 705 computer. Due to the large number of 
variations it was necessary to solve for 2860 separate 


water temperatures 
sizes requires a very large amount of labor and a certain 
amount of short cutting to bring the work within 
practical bounds. Even though the work is conscien 
tiously done. the size selection is often under question. 

It has been felt that for the large units which we are 
installing, the longhand evaluation is no longer 
satisfactory. We realized that for a large (300 Mw) unit 
even a small improvement in condenser vacuum would 


condensers. Besides requiring a considerable amount 
of time by the computer specialists it took about 30 
machine-hr. At $200 per hr, this came close to $6000 


and this amount is difficult to justify. 


now 


result in a considerable savings in operating cost during 
the 35-yr life span of the unit, and it was decided that a 
more rigorous and refined evaluation should be employed 
in determining the optimal condenser size. It was for 
this reason that the Commonwealth Edison Company 
made use of a digital computer in the selection of several 
of their recent condensers. 

The use of a digital computer still involves a consider- 
able amount of time and labor, but it does increase the 
accuracy and permits the study to cover a great many 
more sizes and variables. 

+t General Mechanical Engineer 
tt Engineer, Office of Manager of Engineering 


ttt Engineer, Mechanical and Building Engineering Department 
tttt Methods Analyst, Program Division Revenue Accounting Department. 
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To reduce this cost on the next similarly sized unit, 
variables which were considered to lie outside the 
The number of 


those 
range of the problem were eliminated. 
condensers solved was reduced to 600, or roughly one 
fourth the number in the first study, and this resulted 
in a comparable saving in computer hours. To reduce 
the cost still further on future studies, the 704 should 
probably be considered. It is understood that the 704 
should solve a similar problem in less than an hour. 

For those who are not familiar with digital computers 


* Presented at the American Power Conference, Chicago, Ill., March 29-31 
under the same title and published by permission of the Conference 
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some explanation is in order. The 705 has been designed 
for accounting or business purposes, with a large input 
and output, but a small computation section. The 650 
and 704 are primarily intended for engineering problems. 
Both of these computers have small input and output 
sections with a large computation section, but the 704 
can take a much larger problem than the 650 and, there 
computer would be ideal for solving 


fore, this type 


condenser problems 


Economics of a Condenser 


Che function of a condenser is to produce an economical 
The back pressure 
is dependent the more 
important ones being condenser surface, circulating water 
flow to the con 


back pressure on the turbine exhaust 


upon a number of variables, 


velocity and temperature and steam 
denser. Since the heat rate of the steam cycle and the 
capability of the unit is very sensitive to the condenser 
back 
rate and capability in terms of fuel cost and plant invest 


pressure, an economic value can be put on the heat 


ment, respectively Cherefore, it is the proper combina 
tion of all these factors which determines the optimum 
condenser s$1z¢ 
Che following remarks discuss only those items which 
i manner other than normal. 


are unusual, or treated in 


Cost Of; CoOaAI 


Since there was some doubt that one could peer into 
the future and the cost of fuel with accuracy 
for the life of the equipment, until recently all calculations 


lorecast 


lor new equipment were based on present fuel costs 

$y charting the past 50-yr coal cost history, it became 
Fig. | 
and the projected coal cost. 


possible to develop a projected fuel price shows 
this chart, the 
The trend line 


standard trend formula which is by the 


trend line 
in solid black has been determined by use 
of the sum of 
the least squares method 

Since the 


portion of the total fuel cost 


fuel is such a large 
it was necessary to adjust 


The 
actual 


transportation | pro 


iccording to the station location. 
the 
fuel cost and 


the average cost 


curve for the unit in study starts at the 


day station gradually assumes a 
position parallel to the trend line 
Recent 


jected fuel cost 


present 


units have been evaluated by using the pro 


COAL COSTS 





N BTU) 


re) 


(CENTS PER 


€ 97 980 1990 2000 


Fig. 1—Charting coal costs for the past fifty years gave the authors a trend 
line against which they could develop future coal costs 
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CAPABILITY EVALUATION 


Economic studies show that large exhaust annuli are 
justified for the circulating water temperatures and load 
factors experienced on most of the Edison units that have 
recently been purchased. Units with large exhaust 
annuli show an appreciable increase in capability with a 
decrease in back pressure. 

A table showing the capabilities of the turbine with 
wide open throttle at various back pressures is used to 
evaluate the capability gains at full plant cost. Some 
may question the advisability of using the full plant 
cost and may prefer to use some adjusted or incremental 
cost. It is well that this item be given serious considera 
tion, since the condenser size is quite sensitive to the 
evaluated capacity gain. In this study capability 
gains have been calculated at the summer circulating 
water temperature. 


CIRCULATING WATER TEMPERATURI 


The nine-year average circulating water temperature 
(1950 to 1958, inclusive) for each month of the year was 
obtained from the station records. 

Past practice has been to average the monthly tem 
peratures and then to use the yearly average. It was 
felt, however, that this might not give an accurate de 
termination cf the total fuel consumed by the unit 
Since some of the monthly averages were very close, 
those that were close were averaged and grouped: 


38.87 F 
15.62 F 
54.50 F 


65.92 F 


December, January, February and March 
April and Noven.ber 
May, June and October 


July, August and September 


HEAT REJECTED 


In sizing condensers, engineers normally use 950 Btu 


per pound of steam as the heat rejected to the cooling 
It is questionable whether this figure is repre 
sentative of the actual heat rejected for the loads and 
back pressures at which the unit would operate. In 
this study the heat rejected was obtained from the tur 
bine engineers for two loads and five turbine exhaust 
$y plotting heat rejected versus load back 


water 


pressures 
pressure as a parameter, the heat rejected at all loads was 
obtained. Using these curves, a new set of curves were 
plotted showing heat rejected versus back pressure with 
the economic load points as a parameter From this 
final set of curves, the heat rejected was obtained at each 
of the selected load points for all back pressures. These 


figures were then used in calculations rather than 950 F 


CONDENSER FLOW 


lo determine the condenser flow, the throttle flow is 
obtained at some given back pressure (usually 1- or 1.5 
in. Hg) and at one or more load points, and these should 
be stated in the turbine proposal. In this study, the 
throttle flow at rated load and back pressures between 


0.3- and 3.5-in. Hg was determined from the equation 


nominal rating of turbine X 
throttle steam rate X correction factors 


Throttle flow 


rhe correction factors (Reference 2 at the close of the 
article, Section 7.2, Figs. 7.la to 7.1f) are for the throttle 
temperature, exhaust annulus area, back pressure, rated 
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generator output, temperature of feedwater leaving the 
heater at the reheat point, and feedwater temperature 
rise on the heater above the reheat point. 

The condenser flow at all loads and back pressures 
can be determined from the above throttle flows by using 
the following equation: 


Condenser flow throttle flow at rated load X 
per cent of turbine load X correction factors 


The correction factors (Reference 2, Section 7.2, Figs. 
7.3a and 7.3b) are for the final feedwater temperature 
at rated generator output and exhaust pressure, and 
per cent of rated generator output. This information 
was then tabulated and put in the computer program. 


LoAD DURATION OR CAPACITY FACTOR 


The load duration or capacity factor of the unit is 
usually the subject of much discussion. For this study 
the annual capacity factors for the system were re- 
viewed, and the average of these factors was adjusted to 
reflect the effect that the cost of coal and the operation 
of the ‘‘automatic dispatch system’’ (ADS) might have 
on the loading of the unit under study. The ADS 
allocates the load to the various units on the system in 
accordance with the relative cost of the output, and this 
involves unit efficiency, fuel cost, line losses, etc. 

For this study it was the judgment of the engineers 
that the capacity factor over the 35-yr life of the unit 
would be 48 per cent. 

Using this capacity factor, the loading of the unit 
for the four loads and three periods selected would be: 


2nd Period 3rd Period 
Load of 10 Yr, of 10 Yr, of 15 Yr, 
Mw Per cent Hr/Yr Hr/Yr Hr/Yr 
325 100 700 $41) 0 
284 5 3330 2150 790 
203 2 2890 2670 1840 
144 § 970 1490 2450 


Ist Period 


TURBINE HEAT Rat! 


Fig. 2 shows the turbine heat rate plotted against 
vacuum with load as a parameter. The heat rates, as 
read from these four curves, were tabulated at intervals 
of 0.1-in. Hg and then placed in the computer program. 
The curves for the high loads are quite flat and they show 
little gain at the lower back pressures. The curve at 
rated load (325 Mw) shows a slight increase in heat rate 
as the pressure drops 

For units of similar characteristics, it the 
Operating Department’s practice to reduce the amount 
of circulating water for such conditions, thereby im 


has been 


proving the heat rate and saving the pumping costs. 
Trial calculations indicated that one-pump operation 
was economical at loads of 325 and 284 Mw for the aver 
age circulating water temperatures of 38.87 and 45.62 F, 


respective ly 


COMPUTER PRINT-OUT 


The application of the digital computer to this problem 
makes it possible to obtain a large quantity of results 
which would not be available if longhand and slide rule 


methods were used. The real problem in reference to 


print-out is to determine in advance the results desired, 


and then to set the program to obtain them. 
Actually, the problem is being programmed to deter 
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Fig. 2—Turbine heat rates for various lcads and back pressures were 
plotted to be fed into the computer 


mine the condenser size which will produce the lowest 
overall cost. To accomplish this, it is only necessary to 
bring out summation of all costs and a combination of 
figures that identify condenser size and proportions. 

On the first condenser problems, we brought out a 
rather meager amount of information. Therefore it 
was difficult to analyze results, note trends, and do a good 
job of answering many questions our colleagues raised. 

The print-out on the latest study gives the engineer 
considerably more information as follows: 


Identifying Information 
1. Condenser surface. 
2. Cooling water velocity. 
3. Tube length. 
1. Tube diameter. 
Calculate total cost: 
(a) Two-pump operation, capability at 100 per cent 
of plant cost. 
(6) Combination one- and two-pump operation, 
capability at 100 per cent of plant cost. 
(c) Two-pump operation, capability at 90 per cent 
of plant cost 
(d) Combination and two-pump operation 
capability at 90 per cent of plant cost. 


one 


Additional Information 
1. Condenser cost (shell plus tube cost). 
2. Cost of tubes. 
>. Weight of tubes. 
!. Friction head of condenser and tunnel. 
5. Pumping horsepower (two pumps). 

Gallons per minute used, two-pump operation 

Gallons per minute used, one-pump operation. 

Total investment cost (present valued). 

Total pumping cost for three periods (present 

valued). 

Fuel cost for each of three periods (present 
valued). Two pump operation and combina 
tion one- and two-pump operation 

Condenser vacuums for all load points, cooling 
water temperatures for two-pump and com 
bination one- and two-pump operation. 


Flow of 70 F cooling water. 





Capability (Mw) with 70 F cooling water 


Present value capability evaluation at 90 and 100 
per cent ol plant cost 


lotal 


cluding capability 


cost for each pulping arrangement ex 


present valued) 


Discussion of the Computer Program 


programmed for an IBM 705 digital 
Phe 4 the 
characters of high 
lor output 


Phe problem wa 
Model II 


1) OOD) 


omputer first part program uses 


ipproximately speed core 


torage and one magnetic t ip In addition 


two magnetic tapes are used for check-point information 
that the program may be interrupted at any time or 
machine failure rhe pro 


output ol 


mav be restarted im case ol 


gram second uses one mput tape the 


the first 
1 un 


part 
part, and ¢ 
to the \ 


me output tape 
iriations fixed point 


therefore 


in the decimal point 
Phe 


decimal point mode in which 


scaling was impractical calculations 


ire made in the floating 
itself keeps track of the decimal 


the computer point 


| ich 


mantissa 


consists ol 
ind | 
restores the 


floating point number two parts: a 
between 0.1] 


lO that 


i number and an exponent 
mantissa to 
its true fixed point form by multiplication. In the com 


50 is added to the ex 


which is the power ol 


yuter representation the number 
ntin order that the « 


7 
! 
1 
} 


xponent will always be positive 


xponent; the last eight 


Fig. 3—Computer flow diagram shows decisions 


the The sign of the number is 
superimposed over the least significant digit. 

Che calculations were divided into two parts and the 
program split into two subprograms. The first 
putes the total cost without capability evaluation; the 


second computes total cost including capability credit. 


digits are mantissa 


com 


Che computer flow diagram illustrates the logical order 
ft the The numbers to the right on 
Fig 


program steps. 


3 refer to the numbered descriptions below 


l Phe 
the minimum values of 
diameter, cooling water velocity, tube length, and con 


program begins with the condenser having 


the four basic variables, tube 


denser surface 
2. First, the investment cost is calculated by summing 
up the computed costs in the following order; namely 
1) shell, (2 
the 
circulating 


erection, (3) erection supervision, and (4 


circulating water 
pump motors, and (7) pipe, 
rhe cost of the circulating pumps 


tunnel and 


cost of tubes, (5) pumps, (6 


water valves 


fittings, and screens. 


involves water flow (gpm), and condenser 


head loss. 
» Next 


three pe riods 


pumping cost is calculated for each of the 

Each period is divided into two separate 
parts, the first covers two-pump operation at all times 
and the the two 
highest water 


second covers one pump operation at 
loads with the circulating 
temperatures as well as two-pump operation at all other 


two lowest 
loads and temperatures 

!. The most complicated and time consuming section 
of the program is the calculation of the condenser vacuum 
ind the Starting 


lating water temperature and the highest load 


with the minimum circu 
the pro 
Com 


putation of the vacuum is done by an iteration process. 


coal cost 
gram finds the corrected heat transfer coetticient 
\ssuming an arbitrary initial vacuum of 1.0-in. Hg, the 


computes a value for the vacuum. It 
value is not within 0.01-in. Hg of the old value 


program new 
this new 
the new value is used to compute another vacuum and 
the process is continued until the final vacuum satisfies 
the test Normally 
Che heat rejected per pound, the total steam flow to the 

and the for the 
stored in form 


about three iterations are necessary 


condenser vacuum 
ire all table 
between tabular values was held sufficiently. 

> \fter the the turbine heat 
is computed from the table and the appropriate factors 


steam temperature 
Linear interpolation 


vacuum is found rate 


f boiler efficiency, hours, etc., are selected and the coal 
cost calculated for each of the three pe riods 


0) Phe 


computed for each temperature 


coal cost calculation 1s now 
load 


ind for each pump operation; the costs are then accumu 


vacuum and the 
and combination 
lated for each pe riod and each operation mode 

i Lastly 
without capability \t 


the costs are summed to get the total cost 
this point the results of the 
problem are written. 

8. The computer will now advance to the next large 
surface similar calcula 


condenser area and perform a 


tion \fter the largest condenser surface area is reached 
and the tube 
until 


surface 


to its minimum value 
length is his continued 
combination of the 


the surface is reset 


increased process iS 


each various condenser 


ireas, tube lengths, cooling water velocities, and tube 
diameters are considered 
9. In the second part of the program, the vacuum for 


the maximum load condition is computed at 70 F water 
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150,000 SQ. FT 


PRESENT VALUE CHANGE 
IN TOTAL COST VS. 
CONDENSER SURFACE AREA 
FOR 6.5 FPS WATER VELOCITY 
0.750 IN. TUBE DIAMETER 
44 FT. TUBE LENGTH 


TOTAL COST - $1,000 


180,000 SQ. FT. 


PRESENT VALUE CHANGE 


A) 
IN 


230,000 SQ. FT 


230 








170 190 210 
CONDENSER SURFACE - SQ. FT 


Fig. 4—The above plot showing the effeci of enlarging the condenser 
surface with all other factors constant permits equating surface area against 
capability and fuel 


ind by using the results of the first section 
total cost is adjusted by the capa 


temperature 
of the 
bility credit 


program the 


Study Results 


rhe final results of the calculations performed on 650 
separate condensers are shown in Figs. 4-6. 

Fig. 4+ shows the change in total the 
surface area is varied while the tube length (44 
ind tube diameter | 
This curve shows that the in 


cost as con 


denser 
ft water velocity 
in.) are held 
vestment for additional surface area can be made on the 


6.5 fps), 


constant 


basis of fuel and capability savings as the area is in 
creased from 150,000 to 220,000 sq ft. For condensers 
larger than 220,000 sq ft the total cost increases; there 
fore, the investment cannot be justified. A curve of this 
shape is obtained for each tube diameter, tube length 
ind water velocity 

change in total cost in a series of 
tube length, and water velocity 


diameter is held constant at 


Fig. 5 shows the 
Surtace area, 


ire varied, and the 


loops as the 


tube 


PRESENT VALUE CHANGE IN TOTAL 
ST VS. CONDENSER SURFACE 
AREA FOR 0.750 IN. TUBE DIA 

| 

| LEGEND 

38 


N TOTAL C 


JE 


VAL 
PRESENT VALUE CHANGE 


PRESENT 


ver ht 


VEL. 75 FPS 
TUBE 0.750 IN. 0.0 


VEL 
TUBE 0.750 IN. 0.0 
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CONDENSER SIZES 


Fig. 5—Similar cost information to that in Fig. 3 comes from a plot of 
different length condenser loops with different water velocities and in 
different sized condensers 
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; in. In general, the trend is for a decrease in total 
cost as the water velocity is increased from 6.5 fps to 
Operating experience will determine the pos 
At 6.5 fps there is a 


7.9 fps. 
sible range of the water velocities. 
sharper increase in cost for longer tube lengths than at 
7.5 fps. Loop amplitude decreases for higher velocities. 

Fig. 6 shows the change in total cost in a series of 
loops as the surface area, tube length, and the tube diam- 
eter are varied when the water velocity is held constant 
In general, the trend is for a decrease in total 


at 7 fps. 
,; to l in. 


cost as the tube diameter is increased from 
The */s-in. tube diameter shows a sharper increase in 
cost for longer tube lengths than with the 1-in. tube. 
The amplitude loop decreases for larger diameters. 

The study shows that a 180,000 sq ft condenser with 
a 40-ft tube length, l-in. tube diameter, and a 7.5-fps 
water velocity would be the most economical. The 7.5 
fps water velocity was considered to be in the range of 
possible tube errosion and was, therefore, eliminated. 
The next most favorable condenser with a lower velocity 
(7.0 fps) was the one having a surface area of 180,000 
sq ft, a 40-ft tube length, and a l-in. tube diameter. 
The 40-ft tube length resulted in a space limitation. 

Upon careful consideration of all these limitations, 
the decision was made to purchase a 180,000 sq ft con 
denser having a 44-ft tube length, a 7-fps water velocity, 
and a 1-in. tube diameter. 


DESIRABLE IMPROVEMENTS FOR THE STUDY 


1. To develop the tables covering heat rejected to 
the condenser, turbine heat rate, unit capability, and 
condenser flow a considerable amount of longhand 
calculations were necessary prior to giving this informa 
tion to the computer programmers. It would be very 
desirable if the tables could be developed directly by the 
computer from the given values. 

2. The effect of the cut-off point on the calculated back 
pressure at low circulating water temperatures has not 
been incorporated in the study due to the inability of 
programming a formula for it. Since the amount of 
cut-off correction is directly related to the amount of 
since most of the condensers on the 


air leakage, and 


system operate with less than 3 to 5 cfm air leakage, it 


PRESENT VALUE CHANGE IN TOTAL 
COST VS. CONDENSER SURFACE 
AREA FOR 7 FPS WATER VELOCITY 


Onmooar im 
TOTAL 


CHANGE IN 


€ 


VALU 


200 
100 


PRESENT 


20 40 300 320 340 360 520 540 
CONDENSER SIZES 


Fig. 6—Still another family of curves yielding valuable compuier data is 
this one showing the effect on costs as surface area, tube length, and tube 
diameter are varied under a constant water velocity 
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was reasoned that the effect of the 


negligible if the spare pumps were also placed in service 


it such times when a single 


condenser It would, however, be desir 


able to be able to insert the cut-off formula in the program 
work is involved in re 


perlormance 


3. A considerable amount of 


viewing the print-out and plotting the results to deter 
mine the most economical condenser. It would be very 
helpful if the computer could plot curves of the results 
or list the their relative 


condensers by economics 


Conclusions 


Che results of this study show that the use of a digital 
computer for a large condenser selection is fully justified 

lo obtain optimum range of variables and maximum 
use of calculation refinements it is necessary to select a 


computer with ample memory and rapid speed 


Phe program used by Edison should be expanded 


cut-off would be 


vacuum pump limited the 


to reduce the longhand calculations to a minimum. 

\ judicious selection of print-out material will aid 
the designers in their study and understanding of the 
effects of the condenser variables. 

It is important that turbine heat rates, vacuum cor- 
rections, condenser flows, and heat rejected be obtained 
early in the design schedule and that they be accurate 
To accomplish this objective, these items should be care 
fully delineated in the turbine specifications. 

Once a condenser problem is well programmed for the 
easy to modify it for other 


computer it is relatively 


condenser studies 
NCES 
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Ash Handling Equipment For Industrial Power Plants 





26-29. 
see pp. 43. 





The following paper was presented at the 
American Power Conference in Chicago, March 
For more details of the Conference 








A. M. Perrin, National Conveyors Co., confined his 
paper Ash Handling Equipment for Industrial Power 
Plants held to be 


handling system, the steam pneumatic ash conveyor, a 


to what he the most widely used ash 


typical one of which he illustrated by slide and described 
its components 

Che engineer se king a good ash conveyor system, Mr. 
Perrin stated, should acquaint himself with the available 
equipment by discussing the problem of ash handling with 
manulacturers of equipment, check their design and in 
spect a few installations, and avoid in drawing specifica 
tions two pitfalls; frst—a hybrid specification; and 


The 


specification 1s one in which the descriptions of different 


second an overly-detailed specification hybrid 
components are based on certain parts made by different 
manufacturers Chis is not desirable because in order to 
follow the letter of the specification, each manufacturer 
must then add extra costs to his estimate to incorporate 
features which are not his standards As a result, prices 
are mereased 

The overly-detailed specification is one which does not 
encourage the bidder to include in his quotation recent 
improvements in design or suggestions that can improve 
performance and reduce costs Instead the bidder be 
comes fearful that any deviation from the specifications 
might mean disqualification, and as a result the buyer 
does not always get the best system at the best price 

It is generally good practice to install a system that will 
remove the ash accumulated in 24-hr operation of the 
plant in less than 4hr. If the ash handling equipment is 


to serve coal burning equipment that will produce large 


54 


clinkers, the factor which will govern the size of the con 
the the clinkers rather than the 
hourly capacity of the system. 

Ash conveyor fittings, which include elbows and later 


veyor will be size of 


als, represent approximately S per cent of the total ma 
terial cost. They experience more wear than any of the 
other components. Ash represent 
LO-15 per cent of the total; the ash storage bin with its 
discharge gate or ash conditioner unit can represent as 
and the receiving 


conveyor pipe Can 


high as 30-35 per cent of the total 


equipment (that part of the ash conveyor system which 


includes the centrifugal receiver, secondary separator, 
steam exhauster unit and air washer), represents about 
22 per cent of the total material cost of the installation 

Installation the authors’ company ex 
repr 50 per cent of the 
costs for the small system, and 35 per cent of the ma 
terial costs for the larger system. The ash 
manufacturer will install the equipment he furnishes 
to scheduling, and the various trades in 


Irom 


costs 


perience sents about material 


conveyor 


howe ver, clue 
volved, it is usually good practice to have the following 
work Foundations and anchor 
bolts: 


and 


performed by others 
trenches and trench cover plates; electric wiring 
conduit; steam, water, or compressed air piping; 
rhe installation of the ash conveyor 
the 
contractor or the plant maintenance department. In 


this case the author recommended that they employ at 


and field painting 


equipment can also be performed by customer s 


least the part-time services of the conveyor company's 
service superintendent to supervise and check the in 
stallation and place the entire equipment into regular 


ope ration 
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Abstracts From the Technical Press—Abroad and Domestic 


(Drawn from the Monthly Technical Bulletin, International Combustion, 
Ltd., London, W. C. 1) 


Grinding, Screening and Filtering 


Fine Grinding in Mechanically Driven 
Impact Mills. W. Beushausen. Chem 
Ing. Tech. 1959, 31 Sept.), 553-60 
(in German) 

rhe features particular to 
by impact are described and compared 
with other methods and the fields of 
Various designs 


grinding 


application outlined 
of impact mills are illustrated. The 
relationship between energy consump 
grinding, effect 
carrier, the 


tion and fineness of 
and influence of air as 
comminution process in the machines, 
the influence of impact velocity on 
fineness of grinding and the efficiency 
of the comminution process by impact 


re discussed 


Operational Data on a Ring-Ball 
Pulverizer. F. J. Hiorns and C. P 
Savles. J. Inst. Fuel 1959, 32 (Oct 
164-75 

Tests were carried out on a ring 
ball mill with different coals and the 
results of a statistical analysis of the 
tests with two coals are presented 
The significance of the effects of air 
rate, classifier and fuel: air ratio set 
tings on fineness and rate of output 
and power consumption is shown 
\ simpler analysis is used to relate 
control board readings to these same 
factors and recommendations for the 
operation of such mills are made 


Examples of nomograms are given 
which permit obtaining fineness and 
rate of output from control board 
readings; these give the mill operator 
information that is not normally avail 


able 


Electro-Hydraulic Crushing of Coal. 
B. L. Losev, A N. Mel’ Nikova, F. Ya 

rvkin and L. A. Yutkin Vestnik 
Akad Vau SSSR 1959 (6) 62-5 
LLU Transl. 1959 (Oct.), 34-8 

In this 
directly 
energy by passing a continuous suc 


process electrical energy is 


converted into mechanical 
cession of high voltage transient elec 
trical discharges with very steep front 
and_ short through 
water in a tank in which the coal is 


current-impulse 


submerged. Two hydraulic shocks are 
generated effect and a 
cavitational; in the first the spark 
channel enlarges and forms an ex 


primary 


panding cavity which then collapses 
at ultrasonic speed and 


second hydraulic shock 


generates a 
Results ob 
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tained with Moscow bituminous and 
brown coal are given. The ash and 
sulfur contents of the coal were re 
duced but its chemical composition 
was not changed, nor was it oxidized 
to a significant extent 


Capacity, Separating Effect and Di- 
mensions of Solid-Bowl Centrifuges. 
H. F. Trawinski. Chem. Ing. Tech 
1959, 31 (Oct.), 661—6 (in German) 
Phase segregation in the centrifuge 
is governed by Stokes’ law by which 
the suspension is characterized by the 
settling 
The controlling parameters are the 


velocity in a gravity field 


bowl surface and the centrifugal ac 
celeration. In these the length, diam 
eter and rate of rotation are con 
tained. Diameter and rate of rotation 
can be eliminated by introducing the 


Rage end ~ 
i 


eed “ ' & J 


Designed—Built—Installed 


Sy arals Tx] Sa 


sve if 


tensile strength to spec. gravity ratio 
of the material. It is shown that the 
separation effect of the rotor can be 
increased only by increasing its length 
but not its diameter 


Radiometric Absorption Analysis. I. 
Possibilities of Chemical Ultimate 
Analysis with a Methane Flow Coun- 
ter as Ray Detector. L. Wiesner. 
BrennstChemie 1959, 40 (Sept.) 273-8 
(in German) 

The advantages of the 
counter over the Geiger-Miiller coun 
ter are discussed and the instrument 
and its application are described 
The quantitative determination of 
hydrogen, oxygen, phosphorous, sul 
fur, lead, chlorine and iodine is pre 
simultaneous determination 
of several elements is possible. The 


methane 


sented; 
question of costs is discussed 


Analysis and Testing 


The Differential Thermal Analysis 
as a Method of Evaluation of Coals. 
C. Kréger, H. Hovestadt and E 
Bade BrennstChemie 1959, 40 
(Sept.), 286-9 (in German) 

The influence of inert, 
and salt forming oxides and of iron 


oxidizing 


and copper on the behavior of macet 


Bulk coal handling problems solv a. ' 


through the knowledge and skill atieal in designing, building 
and installing conveyor systems that solved tough coal handling 

A prob lems for some of the large st firms in the country. 
E very installation by Sy-Co is individually designed to meet 


Reputation for 
Dependability - » Efficiency 
is Our most 
valued 


Possession 


If you have a coal handling problem... . 
Write us for descriptive literature. 


share it. 
ENGINEERED 
CONVEYOR 
SYSTEMS 


594 Industrial Avenue 


4 particular problem and planned for the maximum: 


e Economy of installation and operation 


e Economy of maintenance. 


we'll be happy to 


Sv-CO CORP. 


Paramus, New Jersey COlfax 1-1414 





thermal analy 


Characteristic el 


als during diflerential 


‘1 is described 
fects are obtained with cuprous oxide 
which make 


tion ol the 


possible a characteriza 


coal substance The 
mineral content of coals, « specially o! 
enriched fractions, can be determined 
by differential thermal 


ind almost as far a 


inalysis faster 
X-ray an 


with 


alysi 


Problems of Air Pollution in Germany. 
H. Lent !. Inst. Fuel 1959, 32 (Oct 
ISH I 

in which the air pollution 
tackled in Germany 
Pollution 
industrial 


Phe way 


problem is being 


i! outlined caused by 


we ind mall power 


nt ind by domestic heating 1s 


discussed Sulfur dioxide is regarded 


is the most common pollutant and 


cent evidence of damage to flora and 
1 
Lask 


iused b SO. cited Lhe 


Air ¢ 


fauna ¢ 
of the Clean 


(,ermal 1 


Omit ron set upin 


Instruments and Controls 


} 


Engineering Design by Digital Com- 
puters. B. J. Chalmer Resear 
959, 12 (Oct./ No 

Che appheation of digital comp 
nd thei 


to de ign proble ms 11 eneral 


ibility to | 


optim design owns 
discrimination facilit ire 
1 hown that comy 


both ign detail 


thet 
ented It 
in be used for 


uter 
ind complete designs and that result 
ire obtained in a traction of the time 
needed by human effort 

Boiler Control. \non 
165 (No 5) 635-42 

Barford “‘B 
control 


Electronic 
klect. Ret 
At Litth 


electron 


ha50 
Station an 
tem has been 


installed in which the controlling 


parameters are the steam pressure and 
iir steam flow at the 
let Tran 
‘ controller ingle 
electro-hydrauli 


uperheater out 


mitter three-term proc 


inalogue com 


puters and posi 


tioner control combustion steam 


temperature and mill feed Che sys 
tem is described in detail 
A New Sensitive Temperature Detec- 
tor for Use in High Pressure Fluid 
Piping. LD. Robertson A.S.M.I 
Preprint No. 59-A-201 (Dec 
PP 

\ new composite thermocouple in a 


1959 


waged plug has been de veloped lor 
measuring temperature changes in the 
wall 


flowing through a heavy 


Details of design and response 


steam 
pipe 


time are given 


A Thermocouple for Reactor Control. 
}. 1 Avre Nucl. Pu 1959, 4 (Dec.) 
l17-S 

rhe design of the thermocouple lor | 


measuring the outlet temperatures oi | 


the gas and the tests made to find the | 
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FROM 
BOILER WATER... 


Fairmount DEOXY-SOL, a solution of 
hydrazine, is a high efficiency oxygen 
scavenger designed especially for 
high pressure boiler water treatment. 


DEOXY-SOL removes oxygen, reduces 
oxides and raises pH of the conden- 
sate all at the same time... yet adds 
no solids. 


Stocks in Newark, N. J., Chicago, 
Ill., Los Angeles, Calif. Investigate 
its advantages for your system. Write 
for Bulletin BW. 


Fairmount 


CrMmrewicAL co INC 


New York € ‘. Y 


best way of its installation in the 


channel are described. 


Radioactive Level Gauges. J. fF 

and E. W. Pulsford. Brit 

Chem. Engng. 1959, 4 (Nov.) 605-7 
Instruments employing radioactive 


Cameron 


sources for detecting the liquid level 
tanks 


inside tubes and drums are 


de S¢ ribe d 


Nuclear Energy 
Anon 


Oct 


Neutron Research. 
keners ing? L459 13 
Research carried out at the l[ 
Bureau of Standards and the estab 
of a national neutron stand 


Details are 


lishment 


ard are described given 


of improvements in the accuracy of 
neutron measurements, neutron cross 
measurements, selection ot 
button 


rs and the 


section 


sources detectors y-Tay 


dosimete of theor 


checking 


experiments 


Approximate Calculation of the Sur- 
face Loss of a Reactor. MM. Ledinegy 
Atomkernene e 1959, 4 (Sept So 1—-t 
in (serman 

found in 
hy t he 


two 


Good agreement has been 


losses 


diffusion law and _ the 


calculating neutron 
simple 
group theory, the former being much 


impler and less time consuming 


Perturbation Methods for Reactor 

Diffusion Equations. L. H. Holway 

Vucl. S Ieng 1959, 6 (Sept 19] 
\ new 


lusion 


method for solving the dif 
has 
illustrated b 


equations been developed 


ind ts examples 

Heat Stresses in Steel Walls of Re- 
actor Pressure Vessels under Neu- 
tron Bombardment and One-Sided 
Cooling. G 


954, 4 (Sept HO4—S 


Grass Atomkernener 
in German 
tem 


Equations are derived for the 


gradient and thermal stresses 
n steel walls under neutron bombard 


and 


perature 


number 
steel 
essel dimensions The re 
table 


ment i i tunction ol 


energy of the neutrons 


Lie and 
sults are given in 


proper 
ind graphs 


Structural Design in High-Tempera- 
ture Reactors. N. H. Triner Nu 
clea 1959. 17 (Oct 78-1 

For the design of high-temperature 
more 


reactors 


must be put 
into 


emphasis 
on experimental investigations 
the load 
thermal stress and creep of the mate 
that the 


valid data 


stress, displacement stress, 


rials to be used to be sure 


calculations are based on 


Atomic Energy and Public Health. 
Anon 1959, (Oct.) 9-11 

In his address to the 
conference of the Food 
Organization of the 


Atom 

Cambridge 

Agricul 
United 


and 
ture 
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Nations Sir John Cockroft spoke of 
the danger of leakage from air-cooled 
reactors (escape ol iodine-131, stron 
tium-90, strontium-S9 and caesium 
137), 
reactors and eflort 
He stressed the many 
volved in the spread of these poisons 
and their uptake by animals and hu 
mans, the necessity for reliable meas 


gas-cooled reactors and fast 
to reduce hazards 


variables in 


urements, and international coopera 
tion in this field and finally discussed 
discharge of radioactive effluent into 


rivers and storage methods 


Atomic Review. Thermonuclear Re- 
vival. Anon. FEngineering 1959, 188 
(Oct. 30) 406-7 

Brief abstracts are pre sented of the 
papers to the I ppsala conference on 
ionization phenomena and the London 
conference on very high temperature 
phy sics, both topics being related to 
research into thermonuclear fusion 


The Industrial Future for Large Radia- 
tion Sources. 5S. Jefferson. Nuci 
Pwr. 1959, 4 (Nov 104-5 

Useful applications of large sources 
of radiation were discussed at a con 
ference in Warsaw in September 1959 
\ survey of the proceedings is pre 


sented 


Oxidation of Graphite in Reactors. 
M. Tomlinson Vucl. Pwr. 1959, 4 
Nov 117-8 

Ihe reasons Iofr the 
ancies found in recent publications are 


large discrep 
discussed It is shown that reason 
able agreement is possible if allowance 
is made for the differences in the pa 


rameters used 


Thermal Instability Due to Graphite 
Oxidation. P. J. Robinson and J. C 
Taylor Vue ng. 1959, 4 (Nov.) 
100) 

It is 
generated b 
ite exceeds that lost to the surround 


shown that once the heat 
xidation of the graph 


emperature is rapid 
dificult to extin 


ings the rise ol 
and leads to 


guish 


Temperature Distribution in Double- 
Flow Reactor Cooling Channels. II. 
H. D. Baehr and W Atom 
kernene e 1959, 4 (Oct 398-402 (in 


otrewe 


German 

Phe second part compares parallel 
and counterflow with regard to heat 
transfer and pressure drop and shows 
that counterflow heat transfer is far 
superior to parallel flow but that this 
nullified by the 
drop. In 
uperheated steam 


advantage ma 
greatly increased pressure 
reactor cooled |} 

or liquids the higher pressure drop is 
of lesser importance than in gas 


cooled reactor \ 
ample shows these effect 


calculated ex 
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with super bond 


Revolutionary new mortar gives you a 
Stronger bond-protects your brick dollars 


Colloidal bond used in 
Franset SB is shown dur- 
ing digestion cycle 


Resists joint penetration—has low iron plus five | 


other features. |t doesn’t make sense to be careless 
about your bonding material when you're so careful 
about your brick. Particularly when brickwork is 
only as strong as its joint. But you can protect your 
Company's brick dollars with Franset With Super 
Bond. It's the first and only mortar with this 
special colloidal bond having twice the bonding 
strength of many well known joint materials. 
Franset With Super Bond has even more benefits. 


low iron—Less than 1% iron means greater resist- 
ances to carbon and reducing atmosphere, high 
sulphur oils, etc. 


high or low duty service—It can be used up to 
3000°F. 


workability plus—it's easier to trowel, adhere and 
to work because of unusual plasticity, no settling 
or remixing either. 


non-shrinking joints—There’s no shrinking ot joints 
either. 


corindon-kyanite combination — Corindon-Kyanite 
combination base materials give added stability, 
higher fusion and higher slag resistances. It’s qual- 
ity controlled too with consistency from drum to 
drum—unlike some well known mortars. 


Don’t let us alone convince you of the merits of 
the first mortar with colloidal Super Bond. Join our 
hundreds of users! 

Protect your Company’s brick dollars now— 
before you have a joint failure. Test it yourself. 
Write for a sample on your letterhead today. Don’t 
wait until it’s too late! 


teed 


‘RANCE 


" REFRACTORIES COMPANY 
Department P 3125 France Road 

Snow Shoe, Pennsylvania 

in Canada: Standard Refractories Ltd., Hamilton, Ont 


A New Method for the Calculation of 
Thermal Utilization in Heterogeneous 
Reactors. A. Kirchenmayer Atom 
kernenergie 1959, 4 (Oct.) 395-7 (in 
German). 

A method for simplifying the calcu 
lation is described 


The Thermal Utilization of the 
Heterogeneous Reactor in the Light 
of the Two-group Theory. A. Kir 
chenmayer. Atomkernenergie 1959, 4 
(Oct.) 397-8 (in German) 

The application of the new method 
of calculation described in the previ 
ous article is presented 


Calculation of Fast Neutron Multi- 
plication in Thick Fuel Elements. 
K. O. Thielheim. Atomkernenergie 
1959, 4 (Nov.) 429-37 (in German) 
Fast neutron 
been calculated by means of a digital 
computer taking into account change 


multiplication has 


of neutron collision probability in the 
course of a chain reaction initiated by 
a fast primary neutron and the reduc 
tion of kinetic energy of fast neutrons 
by inelastic scatter on fuel atom nuclei 
and their influence on multiplication 
In thin fuel elements both these fac 
tors need not be taken into account 
The results are tabulated 


The Power of a Heavy Water Reactor 
During an Emergency Shutdown. 
I. M. El-Ibiary Nucl. Energy Eng) 
1959, 13 (Nov.) 545-9 

Experimental results and those ob 
tained by a simulator are compared 
and from the best fit of various theo 
retical solutions the value of the shut 
down reactivity determined 


The Breeder Goes Critical. Anon 
Nucl. Pwr. 1959, 4 (Dec.) 93 

The Dounreay fast breeder reactor 
(15 MWe) went critical on November 
14, 1959 


given 


The main reactor data are 


Commissioning and Start-Up. J. L 
Phillips Nucl. Pwr. 1959, 4 (Dec 
94—100 

rhe steps leading up to the com 
missioning of the Dounreay reactor 
are detailed 1. Construction tests 
2. Stall traiming; 3 


testing; (+) metal charging 


Commissioning 
a) dry 
c) wet testing; (d) final approach 


Instrumentation and Control. Kk. k 
Sandiford Vucl. Pwr. 1959, 4 (Dec 
1O00a—1LOVa 

Che instruments for neutron flux 
coolant flow and temperature mea 
urement and the control system based 
on the insertion of 12 mobile fuel ele 
ment rods from below and three boron 


rods from above are described 
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Behavior of Ultrasonics in the Pres- 
ence of Various Types of Defects 
Which May Be Found in Welds. 
P. Bastien and M. Evrard Soudage 
959, 13 (Sept./Oct.) 347-57 in 
French) 

rests were carried out by various 
laboratories on identical pieces exhibit 
ing three ty pes ol defects, lack of pene 
tration, blow holes and slag inclusions 
rhe results have led to the deter 
mination of the behavior of ultrasonics 
with respect to the typical defects 
considered and the definition of the 
nature of these defects from the form 
of the recorded oscillograms 


A Test to Anticipate the Performance 
of Steam Piping at 5000 Psi and 1200 
F. G.C.Wiedersum. A.S.M.E. Pre- 
print 59-A-230 1959 Dec.) 8 pp 

\ test rig has been set up containing 
i length of welded pipe of the material 
used in the plant in which operating 
conditions are simulated as nearly as 
possible and periodic checks can be 
made of the changes in the weld and 
material due to thermal and internal 
pressure stresses rhe rig and the 
type of tests to be made are described 


Fuel Research. Annual Report for 
Year Ending 30th June, 1959. Com 
monwealth Scientific and Industrial 
Research Organisation Coal Re 
search Section P.O. Box 3, Chats 
wood N.S.W. 1959, 18 pp 

Ihe research undertaken by the 
Coal Research Section is outlined 
under the heading 1. General 
Coal Utilization a) carbonization 
h) chemicals from coal c) combus 
tion and gasification; 3. Examination 


of coal seams 


Fuels: Sources, Properties and Prepara- 
tion 


Factors to Consider in the Use and 
Application of Industrial Coals. U. b 
Veaget ASMI1 Preprint No 54 
Fu-2, 1959 (Oct.), 9 pp 

Coal properties and their effects 
are discussed in relation to the firing 
equipment intended to be used. It1 
stressed that in almost all ase i 
washed coai will be more economical! 


than a run-of-mine coal 


Effect of Coal Characteristics on Com- 
bustion Performance. T. S. Spicer 
Coal Utiliz. 1959, 13 (Nov 19-23 

rhe coals most suitable for single 
retort, multiple-retort, spreader stoker 
traveling grate, pulverized fuel and cy 
clone firing are discussed and the prop 
erties most important for each type ol 
firing tabulated 


High Pressure Water Loop in Dido. 
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URNACE 
~BLOK’ 
REPLACES 
FIREBRICK 


FURNACE BLOK MAKES SUPERIOR SERVICE MONO- 
LITHIC REFRACTORY WALL AND ROOF CONSTRUC- 
TION ECONOMICALLY FEASIBLE. NO WOODEN FORMS 
REQUIRED. NO SKILLED LABOR. 


3 TO 10 TIMES 
FASTER INSTALLATION 


Time and labor saving almost unbelievable. No individual 
trowelling and bonding. No exacting operations. One 
9” x 13%" x 132" FURNACE BLOK equals the volume 
of sixteen standard 9” firebrick. 


- BETTER SERVICE 


No brick-to-brick joints. Less spalling. Better insulating 
value. Lower heat storage. 


CASE HISTORY: FURNACE BLOK used in walls of ash 
hopper. Salt water quench. Previous firebrick lasted 6 
months. After one year of service, FURNACE BLOK still 
satisfactory. 





FURNACE BLOK, when filled, 
produce a monolithic structure | | 


FURNACE BLOK INFORMATION KIT | 


Contains technical information, | 
installation photos, cost compari- 

sons and prices. | 
Write for your 


KIT today. 








*PATENT NO. 183597 


REFRACTORY & INSULATION CORP. 


124 WALL STREET « NEW YORK 5,N.Y. 





Sales Offices: Chicago, Ill.; Cleveland, Ohio; Bryn Mawr, Pa.; 
Newark, N. J.; Buffalo, N. Y. 


Castable and Bonding Refractories; FURNACE BLOK; 


Manvfactur f 
wie Block, Plastic ond Fill Insulations 
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I Everson Vucl Pwr. 1959, 4 


Nucl ad . a 
An account is given of the installa- | 


tion of the loop in the reactor, meas s 
urements and safety arrangements, 

leakage from the loop and welding and Pressure Tubin 
precautions, in-pile test section, valves 

and commissioning tests. These lat 

ter consisted in measurements of 

leakage rate, in testing the emergency 

blowdown system and instrumenta 

tion, and in establishing a start-up 

procedure 


Grinding, Screening and Filtering 


Some Experience of Coal Grinding 
Plant Tests on a Ring-Ball Mill and a 
Tube Mill. A. Fitton and R. Jack- 
son J. Inst. Fuel 1959, 32 (Nov 
520-9 

lhe results obtained with these two 
types of mills tested (ring-ball mill at 
Little Barford and tube mill at Brims- 
down) and published earlier have now 
been compared and some conclusions 
drawn of power consumption, drying 
capacity, fineness of grinding and out 
put Che ring-ball mill appears to be 
more suitable for varying loads, the 
tube mill for steady conditions at high 


loads; the drying capacity and fineness 

Every length of Standard Boiler and 

p ; little dif Pressure Tubing is tested at pressures 

Powet consumption shows little dif far beyond code requirements and 

ference can be readily bent or otherwise 
wy fabricated. 


of grinding of the former is higher 


The Effect of the Speed of Rotation 
and the Design ofthe Lining on the 
Performance of a Drum-type Ball 
Mill. B. L. Koutman. Teploener 
getika 1959, (Nov 4-8 (in Russian) 

Che results of experimental investi 
gations are presented and recom 
mendations made on the speed of rota 
tion and the design of the mill lining 


NOW Standard’s electric weld boiler tubing is available in much 
heavier wall thickness than has heretofore been produced. Thus, this 
extremely uniform tube can be used for still higher pressures. 

Wall thicknesses up to .220” minimum wall in 2” outside diameter 
Analytical Determination of Moisture and smaller can be supplied. This will permit allowable pressures well 
Content of Brown Coal and Low above 2,500 lbs. for tubes expanded into headers or drums or for 
Temperature Brown Coal Coke by tubes absorbing heat in water tube units. Larger diameters can be 
Drying with High Frequency Heating. supplied up to .280” minimum wall. 

J. Jandasek. BrennstChemie 1959, 40 The smooth surface and uniform wall help to reduce thermal 
Oct.) 309-14 (in German stresses and permit better control of rolling tubes into headers or drums. 

Pests are described which had the Nowhere will you find any more modern 
following result Moisture deter and complete facilities for precision manu- FREE 
mination of brown coal and moist coke facture and inspection of boiler and pres- 8-page folder on 
by difference using high frequency sure tubing than you’|! find at Standard. = | all Standard prod- 
heating (17M 6 kV) was suffici For complete information on _ all = | ucts. Write address 
ently accurate and agreed well with Standard products and services send for below. 
the xylol distillation method; 2. The free 8-page folder today. 


time required was about 15 min; 34 


Phe method 1 pecially useful for 
series determination t. Avoidance of 
oxidation and of chemicals are added 


idvantages [he procedure used is 
described in detail THE STANDARD TUBE COMPANY and MICHIGAN STEEL TUBE PRODUCTS DIVISION 
24400 Plymouth Road «¢ Detroit 39, Michigan 


Welded stainless tubing and pipe « Welded carbon steel mechanical « Boiler and Heat Exchanger 
Exclusive rigidized patterns « Special Shapes « Oil Well Tubing and Casing 


Analysis and Testing, Research 





Penetrants for Non-Destructive test- 

ing. R Schnurmant [engineering 

1959, 188 (No shite Light Weight Pipe « Steel Tubing— Sizes: 44" OD to 6° OD—.028 to .270 wall 
\ brief review of the techniques and Stainless Pipe and Tubing—Sizes 4" OD to 4%" OD—.020 to .187 wall. 
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Relationship of Coal Ash Viscosity to 


* 
7 | Chemical Composition. W. L. Sage 
| and J. B. Mellroy COMBUSTION 
s 1959, 31 (Nov.), 41—S 


[Two methods are described for 
assessing the suitability of a coal for 





use in a slagging furnace. One is the 
calculation of the USBM equivalent 
i i . silica percentage in which the ferric 

Your boiler water IS q conductor; percentage is also calculated by a 
P given equation, and which gives an 
indication of the temperature of the 

Its rise and fall can be made to andiielinn of ie Singer ot Se 
j j j . basic-to-acid-ratio method which is 
make and break circuits; carried out at or corrected to 20 ferric 
percentage his latter method is 
Simple efficient control to 1, 2,3 (below) ee eee See 
amount of flux required to obtain a 


desired viscosity 











The Suitability of Foreign and Home- 
produced Fuels for the Operation of 
Slagging Furnaces. Pt. I. Bitumi- 
nous Coals. 1 Geissler. Energie 
1959, 11 (Nov.), 526-34 (in German) 

Based on large-scale investigations 
an equation has been established for 
the calculation of a coal coefficient 
K, from which the suitability or 


Housing protects 
otherwise of a coal for slagging furnace 


electrode fittings 
operation can be deduced. The equa 
tion is: K K,.K2.K3.Ky.Ko + Ks, 
where A, is dependent on ash content, 
Key on moisture, As on volatiles, A, 
on ash fusion point, As; on air preheat 
temperature with V.M. as parameter, 
and A, on boiler output Che values 
of these coefficients can be taken from 
graphs. Values of Ay: from 0.7—1.2 
Class I) very suitable, 0.5—-0.7 (Class 
IT) suitable, 0.3-0.5 (Class III) just 
suitable, 0.2-0.3 (Class IV) difficult 
operation, 0.1-0.2 (Class V) very 


rate alarms 
0 ope difficult operation, 0—-0.1 (Class VI) 
2) Pelaatie iss fuel cut-out unsuitable rhe influence of slagging 


furnace design is to be discussed in a 


3] start and stop pumps following article 


The Removal of Chlorides from Coal 
by Leaching. I. Laboratory Experi- 
ments. G. N. Daybell and E. W. I 
RELIANCE ELECTRODE LEVALARMS GIVE YOU Gillham. J. Inst. Fuel 1959, 32 
INSTANT ACTION — at exact pre-set water levels. Minute Dec.), 589-96 
transformer-isolated currents pass through boiler water in the Phe laboratory tests have shown 
column — actuate controls through relays. From one function that the chlorine content of slacks 
(fuel cut-out or low water alarm) to combinations of up to five 

; short time by washing with water 
or more are possible with a Levalarm: low or/and high water ne vigt ted thet | of high chi 

S survestec la Coal O lily cnit 

level alarm, fuel cut-out, start and stop pumps, etc. shies: eaaiieneh dmb tm Senieitemedl teilie 








can be materially reduced in a very 


Electrode Levalarms are entirely electrical; they do not depend t harmless fuel by exposing it in a 


on vacuum tubes or magnets — have no stuffing boxes or bel- 
lows. Models available for every pressure or temperature. 


thin layer to weathering (rat 


Further Studies on the Mechanism of 
It will pay you to get full information on Reliance Levalarms. the Oxidation of Coal. B. K 
Write the factory or contact nearest Reliance Representative. Mazumdar, S$. K. Chakrabartty, M 
Saha, K. S. Anand and A. Lahiri 


The Reliance Gauge Column Co., 5902 Carnegie Ave., Cleveland 3, Ohio Fuel 1959, 38 (Oct.), 469-82 


rhe studies indicate two stage 
coal oxidation: below 200 C the coal 


Le) 
o> BOILER SAFETY structure is reduced to its aromati 
eC lal } “ eC DEVICES keleton, above 200 C rupture of the 
rings starts 
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Like the famous original... 








Zeigler SUPERWASHED Stoker Coal 


better than ever before because it’s SUPER- 


Back when the Wright Brothers were making 
WASHED and wax treated. 


history at Kitty Hawk, clean-burning Zeigler 


coal from the old No. 1 mine was already 
famous in thousands of homes. 
And now, in the jet age, that same high 


For top performance, maximum efficiency 
and utmost satisfaction, more and more buyers 
are again turning to Zeigler SUPERWASHED. 


BTU, low ash Zeigler coal is back again... How about you? 


ORDER NOW for PROMPT DELIVERY 


(ollo/z Coal Company 


208 South La Salle Street, Chicago 4, Illinois 


SINCE 1886 


St. Louis +» Minneapolis - Omaha 
Louisville - Terre Haute, Ind. » Fond du Lac, Wis. 
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FLUID 


ics’ AT WORK 
y S Tt 


oy 


How they’re saving feedwater dollars 
at L.A.’s new Scattergood Steam Plant 


Each of these two 12’-diameter, 
1,036,250-lb/hr-capacity Permutit 
spray-type deaerators, nests atop its 
own 160,000-lb. storage tank in the 
new Scattergood Steam Plant at Los 
Angeles. The only open direct-contact- 
type heater with tee closed heaters 
operating on the regenerative cycle, 
each deaerator operates at 20 psia to 
52.8 psia. Design pressure is 100 psig, 
ASME code. 

These deaerators process boiler feed- 
water for normal throttle steam condi- 
tions of 1800 psig at 1000°F with 
1000° F reheat. 

The City of Los Angeles can’t afford 
to have corrosive oxygen or CO, in 
that water. 

And it doesn’t, because Permutit de- 
aerators are guaranteed to remove all 
free CO, and to reduce oxygen to less 
than 0.005 m. per liter. 


Save money 

These deaerators save operating dol- 
lars because they have several advan- 
tages over tray or other types of de- 
aerators. Maintenance is minimized, 
due to simplicity of design. Uniform, 
wasteless distribution of steam through 
water in scrubber, at all rates of flow 
from zero to full capacity. No water 
hammer, no rumbling—in short, quiet 
operation. 


Besides these heaters, two more 
Permutit deaerators are used at Scat- 
tergood to prepare feedwater for evap- 
orators. 

Ultimately, Scattergood will have 
four generating units producing a total 
of 1,200,000 KW, almost equalling 
Hoover Dam. There’s no room for 
boiler troubles in this kind of operation. 


30-page bulletin 


You can get the same feedwater purity 
and dollar savings, with Permutit de- 
aerators (3000 to 3,000,000 lb/hr) 
and other water treatment facilities 
available through our Fluidics pro- 
gram. To start, send for our fact-filled 
30-page bulletin, “Spray Type De- 
aerating Heater.” 

For more information, write 
PERMUTIT Division, Dept. CO-50, 
50 West 44th Street, New York 36, 
N. Y., or call your local Permutit rep- 
resentative. In Canada: The Permutit 
Company of Canada, Ltd., 207 Queens 
Quay West, Toronto, Ontario. 





*FLUIDICS is a complete, imag- 
inative Pfaudler Permutit program 
which economically aociies prac- 
tical answers to problems involv- 
ing fluids and gases. 











PFAUDLER PERMUTIT inc. 


Specialists in FLUIDICS...the science of fluid processes 


63 





/ 
/ 


Sections of o~. a / , 
j= CLARAGE 

; / 

/ 
) A puis wearing plates where they belong 


on the face 
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of the blades 
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DON’T SETTLE FOR LESS! Clarage You get other advantages, and more, with 
makes sure you get exi/ra service life on those Clarage Dynacurve fans: Minimum floor 
punishing induced draft applications space and height requirements. Rugged wheel 


of 36 radially deep, aerodynamically curved 
The Type DN Dynacurve fan, when 


blades and tapered rims. Bolted scroll liners 
equipped with wearing plates, has these 


for easy replacement. High efficiency over a 
abrasion-resisting steel plates welded to the 

ae ae wide performance range 
face of the wheel blades. A distinguishing 
Clarage feature that guarantees you less main- For complete information, contact our nearest 


tenance, longer operation! But that’s not all office or write for Catalog 905. 


Dependable equipment for making air your servant 


Kalamazoo, Michigan 


SALES ENGINEERING OFFICES IN ALL PRINCIPAL CITIES @ IN CANADA: Canada Fans, Ltd., 4285 Richelieu St., Montreal 
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Iimpreved Water Level 


Taleoifer-tilela| 
* 


Better Visibility 


MP-3000 __. o Se) 


_ MULTI-PORT 
=] Prete] Me}, mcr Vere] = 


This improved construction (exclusive with the Dia- 
mond MP-3000 Multi-Port Bi-Color Gauges) avoids 
possible confusion of colors in steam space of gauge 
and it improves visibility by providing sharper red 


and green colors. 


Condensate, which might otherwise be a source of 
trouble, flows down the bypass channel instead of 
down the port channel. This permits the center plate 
to retain a relatively high temperature so that water 
in the ports is nearer to temperature of water in the 
boiler drum, improving indication accuracy. Absence 
of condensate in the ports assures a distinct Bi-Color 


image—signal red for steam—signal green for water. 


*Patented 


New patented construction of the Diamond 
MP-3000 Multi-Port Bi-Color Gauge is 


illustrated by cut-away sections. 

Multi-Port construction greatly reduces gauge main- 
tenance costs. Inherent thermal stability minimizes 
maintenance frequency and any port can be changed 
in a few minutes without removing the gauge from 
the boiler. Change of any port is expedited by new 
glass and gasket package unit. Construction is except- 
tionally sturdy—gauge body is machined from a 
solid block of high grade stainless steel. Get in 
touch with your local Diamond office, or write us at 
Lancaster, Ohio, P.O. Box 415, for complete inform- 


ation and bulletins. 
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Western Precipitation 
presents 

its latest development 

in a quarter-century of 
continuous advancement 
in Mechanical Collectors 


NEW 9VGR FEATURES... 
"CCCI the proven superiority of 
CAST IRON TUBES and VANES! 


es ° ° N n 1 , rcontinuous 
Western Precipitation Corporation o need Jor continuor 


pioneered the high-efficiency multiple- 
tube principle that has proven so 


external support. 
Easier and less costly to Through the years, others have 
tried special alloy steels and so- 
called “miracle” metals, but noth- 
ing has proven as satisfactory in 
The Multiclone continues to be years Improved dust distribution to actual field service as cast iron. In 
ahead of all other centrifugal collectors all tubes. the past quarter-century more 
because it incorporates the invaluable 5. Simpler installation, lower than 270,000 Multiclone tubes 
“know-how” gained through these erection costs. have been placed in service with 
many years of leadership in the field less than 1.85% replacement—a 
—leadership that is further emphasized pe rformance record une qualle din 
by introduction of the 9VGR Multiclone, 
another important milestone 
in Multiclone’s quarter-century of There are many other advantages built into the 9VGR. There 
is a Multiclone representative near you who will be glad to 
supply complete details. Or write direct, asking for your 
free copy of Bulletin =M209 which contains full details. 


superior it is now the pattern for insulate. 


the industry. } Minimum dust stratification. 


Freedom from leakage at all 
critical points so that full 


; a : , Sin Z iitaane 
collection efficiency is obtained. the industry: 


outstanding performance. 


WESTERN 


_— — + >, TCM —-y , 
PRECIPITATION 
DIVISION OF JOY MANUFACTURING COMPANY 
LOS ANGELES 54 +» NEW YORK 17 + CHICAGO 2 - PITTSBURGH 22 + ATLANTA 5 + SAN FRANCISCO 4 

Representatives in al/ principal cities 


Precipitation Company of Canada Ltd., 8285 Mountain Sights Avenue, Montreal 9 


























